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LETTER OF TRANSMITTAL.

DerPARTMENT OF THE INTERIOR,
UNI1TED STATES (FEOLOGICAL STURYVEY,
Washington, D. C'., January 28, 1903.

Str: I transmit herewith, for publication as a water-supply and
irrigation paper, a manuscript entitled ** Contributions to the Hy-
drology of Eastern United States, 1905, which forms the third of
a series of progress reports relating to the hydrologv of the eastern
portion of the country, submitted by M. L. IFuller, as geologist in
charge of the eastern section of the division of hydrology. The re-
port embraces 20 contributions by 14 geologists, and presents the
results of a considerable number of subordinate lines of investigation,
the descriptions of which are not of sufficient length to warrant
separate publication.

The report covers a wide range of subjects and, in general, the
papers form concise summaries of the subjects covered, rather than
elaborate treatises. They may be grouped under five heads and
include: (1) Papers dealing with special artesian problems, (2)
reports describing the water resources of more or less extensive areas,
(3) description of special localities, (1) papers on the water supplies
of special types of deposits, and (5) descriptions of important
springs.

It is believed that a composite report of this type not only reaches
a much larger number of readers than any other form of publication,
but puts on record a considerable amount of interesting data which,
because of its brief nature, could not otherwise be made available.

Very respectfully,
F. H. NewELL,
Chief Engineer.
Hon. Crares D. Warcorr,
Director United States Geological Survey.



CONTRIBUTIONS TO THE HYDROLOGY OF EAST-
ERN UNITED STATES, 1905.

Myrox L. FuLLEr,
Geologist in Charge.

HYDROLOGIC WORK IN EASTERN UNITED STATES AND PUBLI-
CATIONS ON GROUND WATERS.

By Myro~n L. FuLrer.

WORK OF DIVISION OF HYDROLOGY.

The work of the division of hydrology deals with underground
waters, or those found beneath the surface of the earth, in the same
manner that the work of the division of hydrography deals with sur-
face waters, the aim being to obtain and publish for the benefit of
the people information relating to the occurrence, movements, meth-
ods of obtaining, and uses of artesian and other underground waters,
including those reaching the surface both as wells and as springs

Organization.—In the earlier vears of the Survey no special pro-
vision was made for the study of underground waters, although a
considerable amount of information was gathered in connection with
the investigation of other problems and a number of reports were
published. Beginning with 1894 provision was made by Congress
for the investigation of underground currents and deep wells, and
from 1894 to 1902 a considerable number of special reports on under-
ground waters were prepared under this authority. In the latter
. year, in order to satisfactorily meet the new demands resulting from
the great increase in the use of underground waters in recent years
and to develop, specialize, and systemize the work, the investigations
relating to underground waters were segregated from the division of
hydrography and placed in charge of a distinct organization known
as the division of hydro-geology or hydrology. This division is

9



10 HYDROLOGY OF EASTERN UNITED STATES, 1905. [~xo. 145,

divided into-two sections, eastern and western, the first embracing
the States east of the Mississippi and those bordering that river on
the west, and the second including the remaining, or the so-called
* reclamation ” States and Territories and Texas. The two sections
have been placed in charge of geologists, Mr. N. H. Darton acting
as chief of the western section and the writer as chief of the eastern.

The work of the division includes the gathering, filing, and publi-
cation of statistical information relating to the occurrence of water in
artesian and other deep wells; the gathering and publication of data
pertaining to springs; the investigation of the geologic occurrence,
from both stratigraphic and structural standpoints, of underground
waters and springs; a study of the laws governing the occurrence and
flow of subterranean waters and springs, including the investigation
of variations due to tidal, temperature, and barometric fluctuations;
direct measurements of rate of underflow ; detailed surveys of regions
in which water problems are of great importance and urgency; and
the publication of reports on irrigation, city water supplies, and other
important uses of underground waters.

Recent work.—In connection with hydrologic investigations there
has grown up a large correspondence, the handling of which makes
considerable demands on the time of the members of the section.
Among the notable requests received were those from the colonial sec-
retary of Bermuda, for information as to the methods of obtaining
water supply for that island ; from the Peruvian Government, for the
recommendation of a hydrologist to organize and take charge of a
bureau of hydrology in that country similar to the hydrographic
branch of the Survey; and from the secretary of the Eleventh Inter-
national Congress of Hygiene and Demography, held in Berlin in
1903, for information in regard to the pollution of limestone waters.

The information requested in each case was furnished, and a mem-
ber of the Survey. Mr. George I. Adams, was recommended to the
Peruvian Government for the service required. Mr. Adams entered
on his duties in May. Estimates for boring a deep artesian well at
the American legation in Peking, China, were also obtained and sub-
mitted at the request of the Secretary of State.

In addition to answering requests from corporations and private
parties in this country, the eastern section furnished information to
the War Department in regard to water conditions at forts in South
Carolina, Michigan, and New Hampshire, and elsewhere. In New
Hampshire a special field investigation was made, with promising
results. Requests for the investigation of the water supply of a
number of cities and towns afflicted with typhoid epidemics were
received and complied with as far as possible.

During 1904 manuscripts, including a bibliographic review and
index of all publications of the United States Geological Survey
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and investigating the Pleistocene stratigraphy. The result was to
substantiate the subdivisions made in 1903 and to establish a basis
of correlation between the New York and New FEngland islands.
It is now possible to recognize a series of deposits and erosion inter-
vals agreeing with those of the Mississippi-Ohio Valley. Mr. Fuller
was assisted by Mr. B. L. Johnson in his work on Long Island.
Mr. A. C. Veatch spent a few days in May in search of Pleistocene
fossils, which were found at two new localities.

Work on the springs was continued by Mr. F. B. Weeks, geologist,
who completed the field work and is now preparing a report for
publication. Mr. E. M. Kindle prepared a short report on the water
resources of the Catatonk area. A report on the springs of the
morainal-outwash deposits near Tullv, N. Y., which represent a
definite class of drift waters, was prepared by Mr. G. B. Hollister.

New Jersey—Mr. G. N, Knapp, of the State Geological Survey,
has been engaged during the year on office work connected with the
preparation of a detailed report on the artesian waters.

Maryland.—Arrangements were made during the year with Prof.
W. B. Clark, State geologist, for cooperation in the collection of well
records and samples. The collecting is done from the Maryland
office and duplicates of the records and samples furnished the United
States Geological Survey. Brief reports on the Pawpaw and Han-
cock quadrangles were prepared by Mr. George W. Stose, geologist.

Virgina—A plan of cooperation was arranged in November with.
Dr. T. L. Watson, State geologist, whereby the collection of well
records and data relating to water resources and springs was begun.
Reports by Messrs. M. L. Fuller and T. L. Watson will be prepared
at an early date.

West Virginia—Reports of the Pawpaw and Hancock quadrangles
mentioned under Maryland, and on which reports were prepared by
Mr. George W. Stose, are included in this State. Mr. 1. C. White,
State geologist, has cooperated in the collection of well records and
samples.

Georgia—Mr. S. W. McCallie, assistant State geologist, has con-
tinued to work in cooperation with the United States Geological Sur-
vey in the investigation of artesian waters of the Coastal Plain.
The large number of fossils collected by Mr. McCallie have been
identified by Dr. W. H. Dall and Mr. T. W. Vaughan, resulting in an
increased knowledge of Coastal Plain stratigraphy. Mr. McCallie’s
report on the artesian waters is nearly completed. The divigion of
hydro-economics has largely assisted in the investigation of the com-
position of waters.

Alabama.—Dr. E. A. Smith, State geologist, continued cooperation
with the United States Geological Survey, completing the field work
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on artesian waters. His report was well under way at the end of the
year. Doctor Smith has also cooperated in the collection of well
records and samples.

Mississippi—In conjunction with the geologic branch the eastern
section of hydrology has continued the work on geology and under-
ground waters. The field work, which has been in charge of Mr.
E. C. Eckel, assisted by Mr. A. F. Crider. will be completed about
the end of the year, and a report will be prepared at an early date,
in which Mr. L. C. Johnson., who in past years has collected much
data, is expected to participate.

Tennessee and Wentucky—Mr. L. C. Glenn has continued work on
a report on the artesian' waters of the portion of the Mississippi
embayment area included in these States, the field work on which was
completed in 1903. In Kentucky Prof. C. J. Norwood, director of
the State Survey, has cooperated in the collection of well records
and samples.

Arkansas-Lowisiana—Mr. A. C. Veatch has been engaged during
the latter part of the year in the preparation of a report on the arte-
sian waters of southern Arkansas, northern Louisiana. and adjacent
portions of Texas and Indian Territory. In the northeastern por-
tion of the State investigations have been conducted by Prof. E. M.
Shepard and Mr. M. L. Fuller on the artesian conditions of the New
Madrid earthquake area. .An account of the water resources of the
. Winslow quadrangle was prepared by Prof. A. H. Purdue.

Missouri—In Missouri work was continued in charge of Prof. E. M.
Shepard, who spent a portion of the summer in the study of the arte-
sian waters of the State and in the investigation of the possible rela-
tion of artesian waters to certain phenomena of the New Madrid
earthquake area noted under Arkansas. In this work he was accom-
panied part of the time by Mr. M. L. Fuller. A report on the water
resources of the Joplin quadrangle was prepared by Mr. W. S. T.
Smith, while notes on a number of large springs were submitted by
Messrs. E. Johnson, H. F. Bain, and E. M. Shepard.

Iowa—The work in Towa was continued in charge of Prof. W. H.
Norton, who, during the year, was consulted regarding artesian water
by officials at Keokuk, Mount Pleasant, Waterloo, Fort Dodge, and
Belle Plaine. A report on the artesian conditions at Waterloo was
prepared. Professor Norton also assisted in the collection of well
records and samples in Towa.

Minnesota—Prof. C. W. Hall continued work on his report on the
artesian waters of the State and assisted in the collection of well rec-
ords and samples.

Wisconsin—A veport on the artesian waters of Wisconsin, the field
work for which was finished in 1903. was completed and submitted
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by Mr. A. R. Shultz early in the vear. A short report on the water
resources of the Mineral Point quadrangle was prepared by Prof.
U. S. Grant.

Michigan.—The work in Michigan consisted of a detailed investi-
gation of the water supply of the drift in charge of Mr. Frank Lev-
erett, assisted by Messrs. C. A. Davis, W. M. Gregory, Isatah Bow-
man, and Jon Andreas Udden. Mr. M. L. Fuller. chief of section,
made a special investigation of the failure of wells in the Carleton
district, southwest of Detroit, visited about twenty flowing-well areas
in the western portion of the State, and spent some time in the field
with the various parties. Reports on the Carleton and western Michi-
gan artesian districts were prepared before the close of the year.
Dr. A. C. Lane, State geologist. cooperated in the saving of samples
and Mr. R. E. Horton prepared a report of the drainage o. wells into
swamps.

SUMMARY OF REPORT.

In the following paragraphs the aim has been to present a concise
summary of the various short papers embodied in the present report
and to call attention to those features deemed of special interest or
importance.

Drainage of Ponds into Drilled Wells, by Robert E. Horton.

In the deeply drift-covered regions of Michigan and adjoining
States the surface is characterized by numerous ponds held in the
basin-like depressions known as * kettles.” These are often shallow,
and if drained would leave in some cases many areas of rich farming
lands. Their situation in depressions is such that they can seldom
be drained by ditches, but attempts to draw off the water by wells
have been more successful. The average cost of a 8-inch well, includ-
ing casing, should not exceed $1 a foot, and in most cases a depth of
100 feet will be sufficient. The wells are sunk with the mouths below
water level and on completion are provided with a bell mouth and
surrounded by screens., The effectiveness of the wells depend upon
the height to which the underground water will rise being less than
that of the pond. Under such conditions the water enters the well
mouth and passes down the pipe and out into the porous sand. gravel,
sandstone, etc., at the bottom, or into fissures where the well ends in
compact rock. The construction of the wells, their capacity for
drainage, etc., are described in detail in the paper. A considerable
number of wells which have been successful in the reclamation of
lands formerly covered by ponds are cited.

Two Unusual Types of Artesian Flow, by Myron L. Fuller.

The first of the two unusual types of flow described is from practi-
cally uniform sand, the impervious confining cover usnally assumed to
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be essential to flows being absent. It appears, from observations on
Long Island, New York, and in Michigan, that while any layer
slightly finer than the water bed may, even though permeable, serve
as a confining bed, such a layer is not necessary, an overlapping
arrangement of slightly elongated grains in a uniform sand being
apparently sufficient to produce the resistance to upward movement
essential to artesian flows. The second unusual type of flow described
is from the jointed upper portion of limestone and other rocks in
southeastern Michigan. Although the waters are rock waters in
composition, their origin and head are shown to depend on drift
deposits, which likewise serve as the confining stratum. In fact, in
all essentials they are drift waters, the rock simply serving as a car-
rier in place of the layer of stratified sand or gravel commonly pres-
ent. The mineral matter is dissolved from the rock during the
passage of the water through it.

Construction of the so-called Fountain and Geyser Springs, by Myron L.
Fuller.

The term “ fountain spring ” is used to designate a spring whose
water is made to rise to a point above the surface of the ground at
the spring, while by a “ geyser spring ” is meant one so piped that a
jet is intermittently thrown to a greater or less height. The classes of
natural springs, the conditions under which they may be converted
into one or the other of the artificial types mentioned, and the simple
methods of construction employed are described and illustrated.

A Convenient Gage for Determining Low Artesian Heads, by Myron L. Fuller.

In this paper the difficulties in determining flows with the ordi-
nary cumbersome gages, requiring considerable material, much time,
and some skill, are pointed out, and attention is called to the necessity
of a more convenient form for rapid work. The requirements were
finally filled by a 2-inch nickel-plated gage, which can readily be
carried in the vest pocket and which can be used for all pressures up
to 50 pounds. By means of a rubber tube opening out into a flange,
which is held firmly against the discharge pipe of the well, the
pressure can be instantly obtained.

Water Resources of the Catatenk area, New York, by E. M. Kindle.

The Catatonk area lies in the hilly region northwest of Bing-
Iramton, between that city and the Finger Lakes region. The rocks
are Devonian in age and are nearly flat, though showing very low
swells, extending in an east-west direction. The whole region is
more or less covered with glacial drift. As a whole the rocks are
compact and carry little water, although they afford numerous small
springs. Flows, however, are yielded by the sands and gravels at
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Ithaca, near Slaterville Springs. west of Brookton, at Newark Valley,
and just north of Tioga Center. Some of the water is high in
mineral matter and possesses medicinal properties, which at Slater-
ville Springs have led to the development of a resort. Of the mineral
springs may be mentioned the Dryden. Speedsville, Nanticoke, Spen-
cer, Halsev, Valley, Glen Cairn, and springs south of Owego. The
waters are commonly of the sulphur type, in which instances they
probably come from the rock, and are sometinmes of medicinal value.
At several of the springs sulphur is deposited by the water. A num-
ber of summer hotels have been built. The streams are ordinarily
fairly pure, one having long afforded the water supply for Ithaca,
while Fall Creek supplies power for three or four mills and factories
at Ithaca and the hydraulic laboratory, ete., of Cornell University.

Water Resources of the Pawpaw and IHancock Quadrangles, West Virginia,
Maryland, and Penngylvania, by George W. Stose and George C. Martin.

The area treated in this paper lies at the northernmost bend of the
Potomac and is a moderately hilly region. with occasional high north-
east-southwest ridges, rising to 2.260 fect in Cacapon Mountain. The
rocks consist of quartzite, sandstone, shale, and limestone, from
Ordovician to Carboniferous in age. A number of streams besides
the Potomac have considerable volume and fall and afford present
or prospective water powers. Springs are numerous, among the
most important of which are those at Berkeley Springs, W. Va.,
the site of a fashionable resort. The water issues from steeply
inclined sandstone at a number of points, has a temperature of 73° F.,
and vields about 1.500 gallons per minute. The water carries the
small amount of 13 grains of mineral matter per gallon, mainly
carbonate of lime.

Water Resources of the Nicholas Quadrangle, West Virginia, by George I.
Ashley.

The area treated includes about 1,000 square miles in central West
Virginia, a little east of New and Kanawha rivers. The region is
extremely hilly, the crests often standing 500 to 1,000 feet above the
adjacent streams and reaching a maximum height of nearly 4,400 feet.
The tributaries from the north entering Gauley River (which crosses
the area from cast to west near the center) occupy broad, flat valleys
separated from each other by irregular divides. There is some farm-
ing along the bottoms of these tributaries, but over the remainder of
the area the valleys are sharp and steep and unsuited for cultivation.
The rocks are mainly sandstones and sandy shales of the Pottsville
group, and include some valuable coals and clays. The dip averages
from 100 to 200 feet per mile to the northwest. The domestic water
supply of the uplands is usuadlly obtained from shallow wells, which

IRR 145—05 M—2
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often go dry in time of drought, necessitating recourse to the springs
issuing along the coals, ete.. at points lower down in the valleys.
Wells in the valley bottoms generally obtain better supplies, the
town supplies of Summersville and Richwood being from such wells.
The water throughout the area is of the soft “ freestone ” type. The
geologic structure would seem to afford unusually favorable conditions
for artestan waters. The region is forested, giving flows to the
streams throughout the vear, and, owing to the character of the val-
leys. the opportunities for the construction of dams for power pur-
poses are unusually good.

Water Resources of the Mineral Point Quadrangle, Wisconsin, by U. 8. Grant.

This quadrangle is situated mainly in southwestern Wisconsin, the
Tllinois State line barely falling within its limits. Although a rich
agricultural country, it is situated in the heart of the upper Missis-
sippi Valley lead and zine region and produeces much ore.  The topog-
raphy is that of a low plateau, above which rise a few isolated eleva-
tions and below which are the wide flat-bottomed valleys oceupied by
the streams. The rocks consist of Paleozoic limestone shales and
sandstones. The lead and zine deposits oceur at the base of the Tren-
ton and at the top of the underlying Platteville limestone. Springs
are numerous in the area, occurring mainly at the bottoms of the
Galena and Platteville limestones and the St. Peter sandstone. They
are often used for domestic and dairy purposes. The streams were
formerly a source of many small water powers, but are now rarely
utilized. Wells are commonly of the drilled type and generally vary
from a depth of 10 feet in the valleys to 100 feet in the uplands. The
largest supplies are from the St. Peter sandstone, but the Galena fur-
nishes much water of good quality for domestic purposes. Deep wells
are sunk to the St. Peter. when it 1s below the surface, and to the Pots-
dam, from both of which abundant supplies are generally obtained by
pumping, although neither furnishes a flow. The Potsdam water is
more highly mineralized than that from the higher horizons.

Water Resources ot the Joplin District, Missouri-Kansas, by W. 8. Tangier
Smith.

This district lies at the intersection of the boundary hines of Mis-
souri, Indian Territory, and Kansas, and includes the famous Joplin
lead and zine region. Topographically it lies on the western out-
skirts of the Ozark region and consists of level plains cut by valleys
to a maximum depth of 200 feet. The drainage is southward into
Arkansas River. The surface rocks are mainly limestones of the
cherty lead- and zinc-bearing formation known as the Boone, but some
shales and sandstones of the Cherokee formation oeccur. The dip 1s
low to the northwest. The rocks are characterized by open folding,
with considerable faulting in the vicinity of the ore deposits. The
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streams, which are all spring fed. afford power at a number of points,
and Spring River and Center and Shoal ereeks furnish water supplies
for most of the cities in the district. including Joplin, Webb City,
Carthage, and Galena. Other streams, formerly yielding good water,
are now polluted by mine waters. Springs are common, sometimes of
large volume, and are used for domestic or mine supplies. A part of
the waters are high in mineral matter. sometimes carrying an appre-
ciable quantity of zine, and give rise to soft white, cream-colored, or
reddish deposits. The wells in the region are nsually shallow, but in
the mining district there are several thousands of deep test borings
sunk in search of ore, some of which are nsed as wells. No flows have
been obtained, although supplies ranging up to 12,500 gallons per
hour are obtained by pumping or air lift. A considerable number of
analyses of waters from streams, springs, and wells, some of which are
in considerable detail, are given.

Water Resources of the Winslow Quadrangle, Arkansas, by A. H. Purdue.

This quadrangle lies mainly in western Arkansas, a little north
of Arkansas River, but includes a few square miles of Indian Terri-
tory. The topography is that of a platean deeply cut by streams
until it presents a mountainous landscape, forming a part of what is
known as the * Boston Mountains.” The rocks consist of limestones,
shales, and sandstones of Carboniferous age, four of which—the
Boone chert (largely limestone), Pitkin limestone, and the sandstones
of the Hale and Winslow formations—are important water-bearing
formations, yielding abundant water to wells or springs. The water
varies from soft in the case of the Winslow formation to medium
in the Boone chert and Hale formation and hard in the Pitkin lime-
stone. Some of the springs yield water highly mineralized, and in
one or two cases are utilized for medicinal purposes, or as resorts.
Some of the water could be used to advantage for power or irrigation
purposes.

Water Resources of the Contact Region between the Paleozoic and Mississippi
Embayment Deposits in Northern Arkansas, by A. . Purdue.

This paper treats of the geology and water resources of a belt
from 12 to 15 miles wide, extending along the western edge of the
Mississippt embayment deposits from Arkansas River northward to
the Missouri line. The geology of both the Paleozoic and embayment
areas, including a deseription of the beds and their history. are con-
sidered in some detatl, and a geologic map showing the boundary
with greater accuracy than any previously published map is given.
The meaning of ground water, the relative amounts of run-off and
ground water, the character of the water table, and the essential
characteristics of a water-bearing formation are discussed, and the
water-bearing beds, including the Ordovician limestone, Boone chert,
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Batesville sandstone, Pitkin limestone, Coal Measures, and the soft
embayment deposits are described. Other subjects considered are the
source of water from rainfall and leakage from streams and Paleo-
zoic rocks, the amount, composition, and uses of the water, the pros-
pects for flowing wells, and the problems of type, location, depth,
and construction of wells from the sanitary standpoint. The prac-
tical discussions of these questions of general interest should prove of
substantial benefit to the residents of the Arkansas lowlands.

Water Resources of the Portsmouth-York Region, New Hampshire and Maine,
by George Otis Smith.

The examination of the water resources in the vicinity of Ports-
mouth was undertaken at the request of the War Department, with a
view of determining the available supplies for the several forts at
the mouth of the harbor. The conditions proved to be typical of
those existing in districts of similar rocks at points along the Maine
coast, where the problem of obtaining deep-well waters for the use
of summer residents, especially those living on small islands, is one
of great importance. The city supply of Portsmouth is from shallow
wells in loose surface deposits, from which the farm supplies in the
region are also generally obtained. _Another source, utilized at the
navy-yard, is the ponds on the slope of Mount Agamenticus, while a
third source is the deep-rock wells. These rock wells, which supply
a number of hotels and summer residences, have in numerous in-
stances been successful in obtaining good supplies, the waters some-
times even flowing at the surface, demonstrating the existence of arte-
sian storage of a type quite different from that usually described.
The rocks consist mainly of schists, slates, and quartzites, which are
compact, upturned, and characterized by numerous joints. Some
dikes of igneous rocks occur. The water is contained in bedding
planes, joint openings, ete., through which it circulates slowly, its
escape to the surface being prevented by the closing of the joints by
mineral deposits near the top. The water is to be regarded as coming
from distant rather than adjacent areas. In many cases abundant
supplies are obtained at less than 100 feet, while wells of 300 feet are
nearly always successful, although, owing to the lack of regularity
in the occurrence of joints, an occasional failure results. The schist
appears to be the most promising rock.

A Ground-Water Problem in Southeastern Michigan, by Myron L. Fuller.

The spring and summer of 1904 were marked by a pronounced
shortage of water in certain areas in southeastern Michigan, the fail-
ure of the wells being commonly attributed to underdrainage of a
powerful flowing well on Grosse Isle, a few miles away. Investiga-
tion showed the loss of water to be due not to the big flowing well,
nor to the deep quarry at Newport, but to certain general causes appli-
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cable to many other regions throughout the country. Of these
causes deforesting seems to have been one of the most important
factors in the decrease of supplies in the past, but had little 1mme-
diate connection with the present shortage, which seemed to be due
(1) to the extensive ditching that the region has undergone, which
has lessened the amount of water absorbed by the ground; (2) to
the early frost of 1903, which prevented the autumn and winter rains
from entering the ground, and (3) to the drought during the spring
and summer of 1904, during which little or no rain fell for long
periods. The water will probably return only after one or more wet
years, and may possibly never return in its original amount, but a
deepening of the wells will probably result in securing supplies ade-
quate for the ordinary needs of the inhabitants. The condition of
the wells during 1904 is described at some length, and the applica-
tion to other regions of the conclusions regarding the shortage is
discussed.
Water Supplies at Waterloo, Towa, by W, H. Norton.

The investigation of the conditions at Waterloo was undertaken
n response to requests from city officials with a view of determining
the availability of artesian waters to replace the surface supply from
Cedar River, which had become dangerously polluted, giving rise to a
severe typhoid epidemic. The investigation showed that shallow
ground water was slight in amount, owing to its ready drainage into
Cedar River and its extensive absorption by the underlying rock.
There are, however, strong springs issuing from the limestone 5 or 6
miles up the valley, and artesian water could probably be found in the
St. Peter sandstone at about 850 feet, the Jordan sandstone at about
1,300 feet, and the basal (Potsdam) sandstone at 1,800 feet or more.
Such deep-seated water would be perfectly healthy, but would prob-
ably give more or less trouble in boilers on account of scale-forming
minerals in solution. Two or more wells would be necessary to fur-
nish the 3,000,000 gallons daily which the city requires. The neces-
sity of test wells, the question of supplementary supplies, the head of
the artesian waters, and the question of permanency of flow are all
discnssed.

Water Supply from Glacial Gravels near Augusta, Me., by George Otis Smith.

The region treated in this paper includes the Silver Lake system of
ponds, about 5% miles northwest of Augusta, which it was proposed to
utilize, in connection with a series of springs at the head of Spring
Brook, as a source of a water supply for that city. There are 13
ponds, with an aggregate area of 215 acres. connected in part by slug-
gish streams, but without any outlet stream. The springs mentioned
are half a mile south of the southernmost pond. A study of the area
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shows that the gravels probably occupy a sort of basin,bounded beneath
the surface, both on the east and west, by rock or impervious tilh
The drainage basin 1s divided on the surface by a winding ridge
which separates the ponds into two chains. The water level in the
ponds in general shows a regular decrease to the south, but the rate
differs in the two chains, making it apparent that the water level of
the ponds depends on the height of the ground-water tables, of
which there are two—one on each side of the medial ridge. The
movement of the water is manifestly to the south, its point of issue
being in the springs at the head of Spring Brook, the flow of which is
supplied from the same ground-water sheet as that which supplies
the ponds, which are merely the visible portions of the ground-water
lake. Since the ground-water body occupies a confined basin, any
water taken from the pounds diminishes by so much the total amount,
involving a corresponding decrease in the yield of the springs,
which constitute practically the only source of outflow from the basin.
Hence, the city supply would not be increased by drawing from the
ponds.

Water Supply from the Delta Type of Sand Plain, by W. O. Crosby.

During the construction of the water system for Boston and the
metropolitan district of Massachusetts the structure and waters of
the sand plains near Chinton were thoroughly investigated by means
of many hundred borings, and a summary of the results is presented
in the present paper as an example of a type of water supplies of
importance throughout New England. The plains, of which there
are several, were deposited as deltas in a glacial lake caused by the
obstruction of the northward-flowing Nashua River by the retreating
ice sheet of the last Glacial epoch. The deposits known as the North
Dike Plain are particularly considered, and their topography, com-
position, structure, origin, and water supplies are described, together
with the crests and valleys of the buried rock surface upon which
they lie. The form of the water table and the phenomena of “lost
water ” (water passing off into the sands at points below the water
table), as well as the occurrence of *“ springs ” or water seams under
artesian head, are discussed. The deposition of iron and the cement-
ing of the materials in certain of the beds and the oxidation of the
drift, both of which features are dependent on the circulating
waters, are also described and explained. A summary of the condi-
tions and their application to other localities concludes the paper.

Waters of a Gravel-Filled Valley near Tully, N. Y., by George B. Hollister.

In a valley near Tully, N. Y., there is a thick accumulation of sands
and gravels, representing the accumulations taking place at the ter-
mination of a tongue of glacial ice which occupied the valley during
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a late geological period. The deposits are similar to those at many
other points in New York and New England, and the water-supply
conditions represent a type of importance in these rvegions. The
paper describes the character of materials, the volume of the springs
issuing from them, the deposits of tufa formed by the spring waters,
the waters of the lakes occurring in depressions in the gravels, and
the composition of the spring and lake waters. A considerable num-
ber of analyses are given.

Notes on Certain Hot Springs of the Southern United States, by Walter Har-
vey Weed.

Although the economic importance of the hot springs of our country
as resorts is immense there is a dearth of reliable information as to their
occurrence. In this paper descriptions of two of the niore important
localities, the Warm Springs of Georgia and the Hot Springs of
Arkansas, are described in some detail. The former issue from a frac-
ture near the base of Pine Mountain, a sandstone ridge rising from
the Piedmont Plateau, about 85 miles south-southwest of Atlanta.
The waters, which, judging from their temperature of 87°, come from
a depth of about 1,600 feet, are very pure, agreeing in this respect
with the water of the Hot Springs of Arkansas. These latter springs
issue from vents in old tufa or hot-spring deposits in a valley in a
somewhat mountainous region of strongly folded Carboniferons and
lower Silurian rocks about 50 miles west of Little Rock. The springs
are Government property, and about them have been developed parks,
numerous bathing establishments, and hotels, making the most im-
portant hot-spring resort in America and one comparable with the
great European spas. The paper gives an account of the history,
topography, geology, flow, temperature, and composition, including
many analyses, of the springs. The discharge varies from about 500
gallons per twenty-four hours in the smallest spring to 201,000 gal-
lons in the largest, and the temperature from 46° to 147°.  The waters
contain some carbon dioxid, nitrogen, and oxygen. the latter two
resulting from the absorption of air, and in general correspond closely
to the ordinary mountain springs, except in the element of heat.
which is supposed to be derived from heated vapors rising from deep-
seated igneous intrusions. There seems to have been little, if any.
decrease in temperature or volume since abont 1850, when the springs
were first carefully studied.

.

Notes on Certain Large Springs of the Ozark Region, Missouri and Arkansas.
compiled by Myron L. Fuller.

In this paper are put on record data relating to some of the immense
springs of the Ozark Mountains which have recently been investi-
gated by members of the Geological Survey with the object of deter-
mining their availability for water power. Those discussed are Greer,
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Van Buren, Fanchon, Alley, Blue, Mesamer, and Boiliug springs in
Missouri, and Mammoth Spring in Arkansas. All occur in lime-
stone rocks, and several represent the outlets of subterranean rivers,
while one, the Blue Spring, issues from a natural well nearly 50 feet
in depth. The waters, though sometimes somewhat roily after storms,
are usually entirely clear, of a bluish tinge, and pure except for the
dissolved lime and magnesia. The summer temperatures average
about 56°. Measurements in 1904, when the springs appear to have
heen very low, as compared with some past vears, showed the flow to
range from 23 cubic feet per second at Blue Spring up to 265 second-
feet at Greer Spring. In nearly every instance the springs either
furnished power or could be made to do so. Some of the springs
show an intermittent flow, as, for instance, one near the junction of
Jacks Fork and Current River, Shannon County, Mo., which has a
rhythmic discharge with maxima about forty minutes apart, with
intervening minima, when the flow nearly ceases. Sink holes are
numerous, and in places are thought to mark the position of the under-
ground streams feeding the springs.

PUBLICATIONS OF THE UNITED STATES GEOLOGICAL
SURVEY.

The results of the work of the Survey on underground waters and
springs are published in a number of different forms, briefly
described below. Complete lists of Survey publications, with prices
of such of them as are for sale, can be obtained on application to the
Director.

1. Papers and reports accompanying the Annual Report of the
Director: Prior to 1902 many reports relating to underground waters
were published in the royal octavo cloth-bound volumes, which accom-
panied the annual reports of the Director. This form of publication
for scientific papers has been discontinued and a new series, known as
Professional Papers, has been substituted.

2. Bulletins: The bulletins of the Survey comprise a series of
paper-covered octavo volumes which in general contain a single report
or paper. These bulletins formerly sold at nominal prices, but are
now distributed free of charge to those interested in the special sub-
ject discussed. This form of publication is used for presenting
information relating to underground svaters when the hydrologic
descriptions are accompanied by extended topographic or geologic
discussions. DBefore the inauguration of the Water-Supply and
Trrigation series of papers the bulletins were the form of publication
for all shorter papers related to water supplies. Their small size
precludes the use of large maps or plates, and reports requiring large
tHlustrations are therefore issued in the series of Professional Papers.
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3. Professional Papers: This series, paper covered, but quarto in
size, 1s intended to include such papers as require large maps or other
illustrations. Their publication was begun in 1902, and they are dis-
tributed in the same manner as the bulletins.

4. Monographs: This series consists of cloth-bound quarto vol-
umes, and is designed to include exhaustive treatises on any subject
coming within the province of the Survey. As yet no paper relating
to water supply in any of its forms has been published as a mono-
graph. The volumes of this series are sold at cost of publication.

5. GGeologic Folios: Under the plan adopted for the preparation of
a geologic map of the United States the entire area is divided into
small quadrangles, bounded by certain meridians and parallels, and
these quadrangles, which number several thousand, are separately
surveyed and mapped. The description of each quadrangle is issued
in the form of a folio as the survey is finished. When the series
is complete the folios will constitute a Geologic Atlas of the United
States. Copies of the folios, like the preceding publications, are sent
to a large number of public institutions and libraries. Those remain-
ing are sold at 25 cents each, except such as contain an unusual
amount of matter, which are priced accordingly. Many of the folios
contain special descriptions and elaborate maps showing the occur-
rence of underground waters.

7. Reports on Mineral Resources: The reports of this series are
cloth-bound octavo volumes, published annually, giving statistical
summaries of the output of the various mineral products, including
mineral waters and brines. They were issued as a distinct series
from 1882 to 1893. They were then made a part of the Annual
Report until 1900, when their separate publication was resumed.
The volumes of the earlier series were generally sold at about 50 cents,
but the later ones are for free distribution.

8. Water-Supply and Irrigation Papers: These are of octavo size,
and are published in red paper covers. They are distributed gratu-
itously. As the name indicates, only papers relating to investigations
and problems of water supplies in their various forms are published
in this series. In common with the professional papers and bulletins
the water-supply papers are divided into a number of series, as
follows:

(I) Irrigation.

(J) Water storage.

(K) Pumping water.

(1) Quality of water.

(M) General hydrographic investigations.

(N) Water power.

(0O) Underground waters.

() Uydrographic progress reports.
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9. Reclamation Service Reports: These reports are octavo vol-
unies, bound in light olive-green cloth, and issued annually. They
cover the engineering and construction work relating to projects for
reclaiming the arid public lands. In the three reports issued so far
nothing relating to underground waters is given.

In addition to the various series of reports mentioned, the Survey
issues a large number of topographic and other maps, on some of
which springs are shown, as well as sinks resulting from subter-
ranean drainage. Lists of the maps may be had on application.

The following detailed lists contain all papers on underground
waters and springs issued by the Survey: ¢

PAPERS IN ANNUAL REPORTS.

The requisite and qualifying conditions of artesian wells, by T. €. Chamberlin:
Fifth Ann. Rept., 1883-84, pp. 125-173, 1 pl.

Formation of travertine and siliceous sinter by the vegetation of hot springs, by
W. H. Weed: Ninth Ann. Rept., 1887-88, pp. 613-676, 10 pls.

The potable waters of eastern United States, by W J McGee: Iourteenth Ann.
Rept., 1892-93, pt. 2, pp. 1-+47.

Natural mineral waters of the United States, by A. C. Peale: Fourteenth Ann.
Rept., 1892-93, pt. 2, pp. 49-88.

Water resources of a portion of the Great Plains, by Robert Hay: Sixteenth
Ann. Rept., 1894-95, pt. 2, pp. 535588, 3 pls.

The underground water of the Arkansas Valley in eastern Colorado, by G. K.
Gilbert: Seventeenth .Ann. Rept., 1895-96, pt. 2, pp. 551-601, 15 pls.

I'reliminary report on artesian waters of a portion of the Dakotas, by N. H.
Darton: Seventeenthi Aun. Rept., 1895-96, pt. 2, pp. 603—694, 39 pls.

The water resources of Illinois, by Frank Leverett: Seventeenth Ann. Rept.,
1895-96, pt. 2, pp. 695-849. 11 pls.

Geology of the Edwards Plateau and Rio Grande Plain adjacent to Austin and
San Antonio, Tex.. with reference to the occurrence of underground waters,
by R. T. Hill and T. W, Vaughan: Eighteenth Ann. Rept., 1896-97, pt. 2,
pp. 193-321. 44 pls.

Water resources of Indiana and Ohio, by Frank Leverett: Eighteenth Ann.
Rept., 1896-97, pt. 4, pp. 419-559, 5 pls.

New developments in well boring and irrigation in eastern South Dakota, 1896,
by N. H. Darton: Eighteenth Ann. Rept., 1896-97, pt. 4, pp. 561-615, 10 pls.

Principles and conditions of the movements of ground water, by F. H. King:
Nineteenth Ann, Rept., 1897-98, pt. 2, pp. 59-294, 11 pls.

Theoretical investigation of the motion of ground waters, by C. S. Slichter:
Nineteenth Ann. Rept., 1897-98, pt. 2, pp. 295-384, 1 plL.

The rock waters of Ohio, by Edward Orton: Nineteenth Ann. Rept., 1897-98, pt.
4, pp. 633-717, 3 pls.

Preliminary report on the geology and water resources of Nebraska west of the
one hundred and third meridian, by N. H. Darton: Nineteenth Ann., Rept.,
1897-98, pt. 4, pp. 719-785, 45 pls.

@ For publications appearing since this text was prepared, see outside of back cover.
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Preliminary description of the geology and water resources of the southern half
of the Black {1ills :111(1 the adjoining regions in South Dakota and Wyoming,
by N. II. Darton: Twenty-first Ann. Rept.. 1899-1900, pt. 4, pp. 489-599,
55 pls.

The High Plains and their utilization, by W. D. Johnson: Twenty-first Ann.
Rept., 1899-1900. pt. 4, pp. 601-T41, 44 pls., and Twenty-second Ann. Rept.,
-901-2, pt. 4, pp. 631-669, 15 pls.

Geography and geology of the Black and Grand prairies, Texas, with detailed
descriptions of the Cretaceous formations and special reference to artesian
waters, by R. T IIll: Twenty-first Ann. Rept., 1899-1900, pt. 7, 666 pp.,
T1 pls.

Mineral waters, by A. (. Peale: Sixteenthh Ann. Rept., 1894-95, pt. 4, pp. 707-
721 ; Seventeenth Anmn. Rept.. 1895-96, pt. 3 (continued), pp. 1025-1044;
Eighteenth Ann. Rept.. 1896-97, pt. 5 (coutinued). pp. 1369-1389: Nine-
teenth Ann. Rept, 1897-98, pt. 6 (continued). pp. 659-680; Twentieth Ann.
Rept., 1898-99, pt. 6 (continued), pp. 7T47-709; Twenty-first Ann. Rept.,
1899-1900, pt. 6 (continued), pp. HIT-622.

BULLETINS.

32. Lists and analyses of the mineral springs of the United States; a prelimi-
nary study, by A. C. Peale. 1886. 235 pp.

47. Analyses of waters of the Yellowstone National Park, with an account of
thie methods of analysis emiployed, by 1. A, Gooch and J. E. Whitfield.
1888, 84 pp.

131. Report of progress of the division of hydrography for the calendar years
1893 and 1894, by F. . Newell. 1895, 126 pp.

138. Artesian-well prospects of the Atlantic Coastal Plain region, by N. H. Dar-
ton. 1896. 232 pp.. 19 pls.

199. Geology aud water resources of the Sunake River I’lain of Iduaho, by I. C.
Russell. 1902, 192 pp., 25 pls.

PROFESSIONAL PAPERS.

17. Preliminary report on the geology and water resources of Nehraska west of
the one hundred and third meridian, by N. II. Darton. 1903. 69 pp., 43
pls.

32. Geology and underground water resources of the Central (Jreat Plains, by
N. H. Dartoun. 1904.

REPORTS ON MINERAL RESOURCES OF THE UNITED STATES.

Mineral waters, by A. (. Peale: Mineral Resources of the United States, 1883-84,
pp. 978987 : 1885, pp. H36-H43; 1886, pp. 715-721; 1887, pp. GS0-G87; 1888,
pp. 623-630: 1889-90, pp. H21-535; 1891, pp. GO1-610; 1892, pp. 823-834;
1893, pp. T72-794: 1900, pp. 899-905; 1901, pp. H61-966; 1902, pp. H93-1002;
1903, pp. 1137-1162.
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WATER-SUPPLY AND 1RRIGATION PAPERS.

. A reconnaissance in sontheastern Washington, by I. C. Russell. 1897. 96

pp., 7 pls.

. Underground waters of southwestern Kansas, by Erasmus Haworth. 1897,

G5 pp., 12 pls.

. Seepage waters of northern Utah. by Samuel Fortier. 1897. 50 pp., 3 pls.
. Underground waters of southeastern Nebraska, by N. H. Darton. 1898

56 pp., 21 pls.

. Wells of northern Indiana, by Frank Leverett. 1899. 82 pp., 2 pls.
. Wells of southern Indiana (continuation of No. 21), by Frank Leverect.

1899. G4 pp.

. Water_resources of the lower peninsula of Michigan, by A. C. Lane. 1899.

97 pp., 7 Dls.

Lower Michigan mineral waters, by A. C. Lane. 1899. 97 pp., 4 pls.

Geology and water resources of a portion of southeastern South Dakota, by
J. E. Todd. 1900. 34 pp.. 19 pls.

Geology and water resources of Nez P’erces County. Idaho, pt. 1, by I. C.
Russell. 1901. 86 pp., 10 pls.

. Geology and water resources of Nez Perces County, Idaho, pt. 2, by I. C.

Russell. 1901, 87-141 pp.

. Geology and water resources of a portion of Yakima County. Wash., hy
3 A)

G. O. Smith. 1901. 63 pp., 7 pls.

. Preliminary list of deep borings in United States, pt. 1, by N. IL Darton.

1902. 60 pp.

J. B. Lippincott. 1902. 95 pp., 11 pls.

. Development and application of water in southern California, pt. 2, by

J. B. Lippincott. 1902. pp. 96-140.

. Preliminary list of deep borings in United States, pt. 2, by N. . Darton.

1902. 67 pp.

7. The motions of underground waters, by C. S. Slichter. 1902. 106 pp., 8 pls.
. Water resources of Molokai, Hawaiian Islands, by Waldemar Lindgren.

1903. 62 pp.. 4 pls.

. Preliminary report on artesian basins in southwestern Idaho and south-

eastern Oregon, by I. C. Russell. 1903. 353 pp., 2 pls.

. Geology and water resources of part of the lower James River Valley,

South Dakota, by J. E. Todd and C. M. IIall. 1904. 47 pp., 23 pls.

Underground waters of southern Louisiana., by G. D. Harris: with discus-
sions of their uses for water supplies and for rice irrigation, by M. L.
Fuller. 1904. 98 pp., 11 pls.

Contributions to the hydrology of eastern United States, 1903, by M. L.
Fuller. 1904, 522 pp.

Underground waters of Gila Valley, Arizona, by W. T. Lee. 1904. 171 pp,
5 pls.

Water resources of the Philadelphia district, by Florence Bascom. 1904,
75 pp.. 4 pls.

Contributions to hydrology of eastern United States, 1004, M. I.. Fuller,
geologist in charge. 1905. 211 pp., b pls.

Preliminary report on underground waters of Washington, by Henry
Landes. 1905, 85 pp., 1 pl.
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. Underflow tests in the drainage basin of Los Angeles River, by Homer

Hamlin. 1905. 55 pp.. 7 pls.

114. Underground waters of eastern United States, M. L. Fuller, geologist in

86.

100.
104
105.

107
108

113

charge. 1905. 285 pp., 18 pls.

GEOLOGIC FOLIOS.

. Fredericksburg folio, Maryland-Virginia, by N. H. Darton.
. Nomini folio, Maryland-Virginia. by N, H. Darton.

. Pueblo folio, Colorado, by G. K. Gilbert.

. Nueces folio, Texas, by R. T. ITill and T. W. Vaughan.

. Danville folio, 1llinois-Indiana, by M, R. Campbell and Frank Leverett.

. Walsenburg folio, Colorado, by R. C. Iills.

. Washington folio, District of Columbia-Virginia-Maryland, by N. II. Dar-

ton and Arthur Keith.
. Spanish Peaks folio, Colorado, by R. C. Hills.
. Norfolk folio, Virginia-North Carolina, by N. H. Darton.
. Chicago folio, Illinois-Indiana, by W, (. Alden.
. Oelrichs folio, South Dakota-Nebraska, by N. H. Darton.
Ellensburg folio, Washington. by G. 0. Smith.
. Olivet folio, South Dakota. by J. E. Todd.
. Parker folio, South Dakota, by J. E. Todd.
. Mitchell folio, South Dakota, by J. E. Todd.
Alexandria folio, South Dalkota, by J. E. Todd and C. M. ITall
Silver City folio, 1daho, by Waldemar Lindgren and N. F. Drake.
Patoka folio, Indiana-1llinois, by M. L, Fuller and F. G. Clapp.
. Newecastle folio, Wyoming-South Dakota, by N. H. Darton.

. Edgemont folio, South Dakota-Nebraska, by N. H. Darton and W. 8, Tan-

gier Smith.
. ITuron folio, South Dakota, by J. k. Todd.



THE DRAINAGE OF PONDS INTO DRILLED WELLS,
By Roserr E. Horrox.

GENERAL CONDITIONS.

The extensive ice action of the Glacial epoch left portions of
Michigan, Indiana, Wisconsin, and Minnesota covered with glacial
drift to a great depth. Sand, gravel, and clay alternate in patches,
but the soil is, as a very general rule, loamy and permeable in the
lake-besprinkled regions. The rainfall is usually from 30 to 40
inches per annum, of which from 8 to 16 inches reach the streams
as run-off, largely through springs and seepage.

PONDS.

On large districts the surface topography is moderately rolling,
and, while sloping in a general way toward the larger water courses,
contains innumerable slight hollows without outlets. These un-
drained depressions vary in character from very small sink holes,
generally tillable, in which standing water is found only after heavy
rains or in early spring. to lakes, the vast majority of which are less
than 1 square mile in area and which drain sloping margin lands
from five to fifty times their own extent.

In the region in which these kettle holes and ponds are common
no direct surface run-off to the streams takes place over a consider-
able percentage of the area nominally tributary to the rivers. Data
regarding water-surface evaporation in this region is verv meager,
but it may be said, in a general way, that the annual evaporation from
the lakes about equals the rainfall, the evaporation being greater or
less than the precipitation according as the season is wet or dry.
For these ponds to persist at a nearly uniform level requires that the
inflow plus the rainfall on the surface shall equal the annual losses
by evaporation and percolation.

30
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DRAINAGE OF PONDS.

Ponds of this character disfigure valuable farms, and, if drained,
the rich, mucky soil reclaimed would in many cases be of great value,
Special attention was called to the desirability of their drainage
by the excessive high water which followed the melting of the un-
usually large snow accumulation of the winter of 1903-4.

One of these ponds, which has an area of 4 or 5 acres when full
and directly drains perhaps 60 acres of rather steep and permeable
land surface, and which has been observed in a general way through
many vears, has shown a variation in its high-water leve] of 3 to
4 feet. It is filled with grass, promoting’ evaporation, and in a dry
season goes entirely dry for a few weeks. The soil beneath is
probably impervious or nearly so, and there are no marshes nor
visible springs which feed it.

SUBSOIL. DRATINS.

An unsuceesstul effort was made twenty-five years ago to drain the
above pond by digging through the hardpan bottom and inserting a
stone-filled curb. This method of draining into a porous subsoil is
considerably used in France and elsewhere, but was entirely without
success in this case.

DEEP-WELL DRAINS.

Surface drainage being unfeasible, drainage into deep-drilled wells
has been successfully tried in a number of cases in Jackson County,
Mich., and vicinity. An ordinary well-driller’s outfit may be used.

In drilling the well on Fred Watking’s place, in Parma Township,
after the first water bed had been reached at a depth of about 90
feet, the pipe was allowed to project upward in the pond near the
surface, and was not protected in any way. The rate at which the
water from the pond flowed down the drainpipe, rapid at first,
lecreased greatly during the first week and afterwards more gradu-
ally, so that after two months the pond, though visibly lowered as
compared with adjacent undrained ponds, yvet was not dry.

The well was then drilled out to a depth of 170 feet and the intake
protected, with the result that the water was sucked down the pipe
very rapidly and the pond completely drained. This well drains an
area of about 35 acres of sloping tilled land, the soil being a perme-
able gravelly loam. The pond area was 24 acres, and the pond
seldom or never dried up. In the valley of Kalamazoo River, 4
miles distant, prolific artesian waters are obtained from a water
horizon which has very nearly the elevation of the bottom of this

¢ Charpentier de Cassigny. J., Hydraulique Agricole,
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drain well, and from which the water rises to an altitude about the
same as the static head in the drain well. .

Decrease of draining power of wells—Several theories have been
advanced for the rapid decrease in flow sometimes noticed, as in this
case, after the opening of snch wells. First, it has been suggested
that an unsaturated pocket has been entered, but this appears doubt-
ful from the rather permeable character of nearly all the material
penetrated, and also from the fact that abundant water supply is
always found in wells drilled to about the same depth in the
surrounding region. Second, it appears possible that the percolating
chamber below the bottom of the well casing may have filled by
caving, reducing the percolating surface. This is not improbable, as
a similar adjacent well, drilled for water supply in 1888 in the same
siliceons material, caved frequently at first and still continues to do
so at intervals, rendering the water very turbid. The effect of such
caving in a drain well would probably be deleterious. The nse of a
perforated strainer point, as in driven wells, might be advantageous.
A third possible cause of decreased flow is vegetable fibers and silt
carried down the pipe owing to lack of screens. At the start the
pond was full of vegetable matter resulting from the decomposition
of pond lily and other aquatic plants, and long fibers could be seen
entering the pipe. These would obviously collect on the percolating
surface of the well and there form a matrix.

Efficiency of wells for draining.—The efficiency of such drain wells
lies in their ability to draw down the accumulated waters resulting
from melting of the snow, which usually takes place in March,
sufficiently early to permit tillage at some time between about the
first and the middle of May. The annual spring filling of the pond
once removed, further filling will only result from excessive rains
during the growing season, a contingency which can only be pro-
vided against by the use of a well of such capacity that the standing
water will not ruin the growing crop before the well can draw it
down. Such summer freshets will, however, oceur at intervals only.

The pond being disposed of, tile drains may be needed to suffi-
ciently dry the subsoil for tillage, and this requires that the inlet to
the well shall be placed sufficiently below the bottom of the pond
o receive their effluent.

Cost of drain wells—The cost of a drain well increases with
increased diameter; the price charged for a 3-inch uncased well is
70 cents and for a 4-inch one 90 cents a foot; casing costs in addition
25 cents and upward for each foot.

Capacity of drain wells—The capacity of the drain pipe increases
rapidly with increased diameter, first, because its area of section is
proportionate to the square of its diameter, and, second, because the
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loss of head and velocity due to friction are less in a large than in
a small pipe with a given velocity. A drain well can take care of no
more water than can flow out into the water-bearing material at the
bottom, and the effect of an increase in size of drain well depends
largely on conditions at the bottom of the pipe, as will be explained.
Rapid drawing off of the water in spring is the most essential requi-
site, and this requires that the efficiency or capacity of the drain well
shall be as great as possible.

There are some matters connected with the attainment of this
end that are not well understood by the drillers of such wells where
the writer has observed them and that offer an interesting problem
in hydraulies.

Underground conditions—(a) The drain well may penetrate an
open fissure in which flows a free stream of water. This may occur,
for example, in limestone formations. Tt is to be regarded, however,
as accidental, and is not—as some are led to believe from the great
water-taking capacity of some drain wells—either a common or a
necessary condition in such wells. For such a well the capacity of
the drain up to the limit of the capacity of the fissure would be almost
directly proportional to the capacity of the drainpipe, the condi-
tion being that of flow through a pipe with free outlet. (b) The
drain outlet may be in porous rock, as sandstone. The water-carry-
ing capacity of sandstone is not always fully appreciated; the poros-
ity, or percentage of voids, commonly ranges from 5 to 20 per cent,
15 per cent being perhaps a fair average. The water-taking capacity
of the sandstone will differ from that of a loose sand of the same
material only as a resnlt of their different degrees of compactness.
(¢) The drain well may enter a porous stratum of sand, gravel, or
other earth.

The wells described in southern Michigan apparently penetrate
porous layers of glacial drift or sandstone. The outward flow is
obviously the inverse of that which takes place when a well in the
same water-bearing material is drawn upon by pumping. The laws
that control such flow from wells where the head is known have
been fully worked out elsewhere.?

Such calculations, together with the known yield of artesian and
pumped wells in the same or similar formations, abundantly prove
that the water-bearing material encountered in the drain wells of
southern Michigan is capable of caring for the apparently large
inflow observed.

In fig. 2 the conditions which may occur in such a well are
illustrated. The water is disposed of by flowing outward through

e Turneaure and Russell, Public Water Supplies, pp. 267-275.
IRR 145—05 M 3
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the pores in the material forming the walls of the chamber at the
bottom, and the rate of such outward flow is determined by the pres-
sure head, the surface area of the chamber at the bottom of the well,
and the size of the pores.

Assuming that the water would rise in the well to the level A
(static level) if there were no inflow, but that the inflow at the top
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Fic. 2.—Diagram {llustrating conditions in drainage wells.

of the pipe raises the water level to B, then AB is the effective head
which causes discharge at the bottom. Later we shall consider
siphon or draft-tube action in the pipe. Assuming for the present
that water flows into the pipe as through an orifice, then the inflow
to the mouth of the pipe will be proportional to the square root of
the depth D of water above its mouth, indicating that in this case the
intake should be placed low.
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The mode of flow down a pipe, as commonly constructed by the
drillers, is shown in fig. 8. This forms what is called a * Borda
mouthpiece ” and has a very low capacity. Only from 50 to 75 per
cent of the pipe is effective, owing to contraction. If, however, a
bell mouth be added to the pipe, having the form of the vena con-
tracta, as shown in fig. 4, the full area of section will be effective,
and the water will flow down the pipe with a velocity equal to about
96 per cent of that due to the head D.

Thus, a well fitted with a bell mouth may take 1.8 times as much
water as one without. If the static level A is some distance below
ground, the well will adjust itself to taking care of the increased sup-
ply of water provided by the bell mouth by increasing the head AB in
about the same proportion that the inflow is increased, barring fric-
tion loss in the well pipe, a factor yet to be considered.

Dimensions of bell mouth
tuv outlet pipe
1.25 O

Fi16. 3.—Diagram showing entrance of water Fic. 4.—Diagram of mouth of drainage
into drainage pipe. pipe.

In a well having tight casing and a proper entrance the inflow will
be augmented by siphonage or draft-tube action, the water being
forced down by atmospheric pressure in a manner the inverse of the
action of a lift pump. If there be free discharge at the bottom and
if the well be over 33 feet deep, then the maximum possible draft-
tube head of 32.8 feet may be available.

Unless the ground-water horizon is at exceptionally great depth,
however, it will probably happen, as has been observed in practice,
that the discharge head A, required to take care of this large inflow
of water, will cause the water level B to rice within much less than
32.8 feet of the surface, limiting the siphon head and dividing the
total static head from A to.the water surface of the pond in such a
manner that the inflow head will just supply such a quantity of
water as can be forced out of the bottom of the well by the remaining
or discharge head. In any event the gain in capacity and rate of
drainage which will result from siphonage will be very great; for



36 HYDROLOGY OF EASTERN UNITED STATES, 1905.  [vo. 145.

example, with a pressure head D of 1 foot over the inlet, the discharge

would be nearly doubled by the addition of 3 feet of effective siphon-

age and nearly trebled by the addition of 8 feet of effective siphonage.
Expressing the above relations mathematically,

Q=ca,/ 29| B+ (=) K |

Where Q=Discharge in cubic feet per second.
A=Area of cross section of pipe in square feet.
H=Depth of water above top of pipe.

h =Effective suction head.
h,=Friction loss in pipe.
V=DMean velocity in pipe.

2
K=A coefficient, such that K;; equals the combined entry
head and head required to produce velocity. In gen-
eral, V is unknown, and this factor being small, may
be neglected.

The friction head %; for various sizes of pipe, together with the
entry and velocity head for various velocities, may be found in books
on hydraulics.e

Velocity of flow.—The velocity of flow in the drainpipe may be
measured by means of a simple Pitot tube of glass inserted vertically
in the top of the pipe, the short end projecting upward and having
its mouth near the outer end of the drainpipe and a few inches below
the top of the pipe. If % is the height in inches to which the water
rises in the long leg above the pond surface, then the velocity of
downward flow in the pipe will be very nearly

v=y/ LBk 232 0h

The flow in cubic feet per second will be

TSN
Q=0.0035 &®* V= 80h nearly,

d being the inside diameter of the pipe in inches.

The quantity Q should be somewhat reduced by the use of a cor-
rection coeficient depending on the form of inlet to the pipe. With
good siphonage this coeflicient will be near unity.

The theory of flow from wells rests upon the assumption that the
ground-water horizon is sensibly affected only within a certain mean
radius of influence. There is no method of accurately determining

« Weston, Friction of Water in Pipes; Coffin, Graphical Solution of Hydraulic Prob-
lems, etc.



HORTON. ] DRAINAGE OF PONDS. 37

this radius in the case of a drain well, but as large variations in its
value affect the result but little it may he assumed, and if the other
necessary factors are known the discharge may be calculated.

WATKINS’S DRAIN WELL.

Without entering into details, the following example may be given
to illustrate what takes place in a 3-inch drain well 170 feet deep,
in which the water rises statically to within 25 feet of the top of the
pipe and to within 27 feet of the pond surface, assuming that the out-
flow is into a sandstone stratum 100 feet deep, having a porosity
of 15 per cent, and an effective mean-grain diameter of 0.15 milli-
meter. These conditions are practically those in Watking’s drain
well, Parma Township. (See fig. 3.) I'rom Turneaure and Russell’s
Water Supplies and Weston’s Tables ¢ it is found that the drain would
carry down 165,000 gallons per day, or one-fourth cubic foot per
second, and that the total available head of 27 feet would be utilized
about as follows:

Utilization of head in Watkins’s drain well.

Feet

Overcoming friction in pipe____ . 6.0
Velocity head__-__ e .45
Entry head_ . .2
Head causing outflow at bottom of pipe.________________ __ __ _______ 20.0
Total e 26. 65

A well drawing 1 cubic foot per second will lower a pond of 1 acre
area about 2 feet per day, providing there is no inflow. It will lower
a 2-acre pond 12 inches per day, and so on. The well in the above
example should lower a pond of 2.5 acres area about 2} inches per
day. If the pond were filled to an average depth of 2 feet at the end
of March, the water should be drawn off and the subsoil sufficiently
drained to permit tillage early in May. Early in 1905 the Watkins
pond, which is fed by two lines of drain pipe, was well filled by the
rail? and melting snows, but was drained completely by the latter
part of May. At the same time adjacent undraimed wells remained
nearly full.

SUMMARY.

Owing to low water at the time when visited, the writer had no
opportunity to measure the actual rate at which any of the Jackson
County drain wells take water. Such measurements would be of
value in estimating the required size and probable efficiency of other
wells.

¢ Loc. cit.
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In conclusion, the importance of a capacious percolation chamber
at the bottom of the well, and of suitable screens to protect the
inlet, may be emphasized. A screen over the mouth of the pipe
should not be used, as it will reduce the inflow head, but an ample
catch basin of brick or large tile surrounding the well is very desir-
able. This should have ample openings covered by screens—prefer-
ably by double screens. A suggestion for a suitable intake is shown
in fig. 4.

Experience has shown that in any locality success by this mode of
drainage can not be assured beforehand. In some cases failure has
probably been due to improper methods.

The eftect of this manner of drainage is to forcibly inject the waters
of the pond into the ground-water bed. If the drainage waters are
impure the pollution may be detectable in surrounding wells which
penetrate the same water horizon.

STATISTICS OF DRAIN WELLS IN SOUTHERN MICHIGAN.

The following details regarding drainage and other wells in
southern Michigan have been compiled chiefly from data furnished by
Mr. Charles Winchester, well driller, of Jackson, Mich., and by Mr.
Carl Horton. A number of artesian wells are included which have
been drilled for drainage purposes, or in places adjacent to drain
wells.

(1) Miran Clark, Jackson County, Mich.; 3-inch drilled well, total depth 75
feet. At this depth an artesian stratum was entered raising water 6 inches
above the surface.

(2) Henry Sussex, near Jackson City, Jackson County, Mich.; 3-inch well
drilled to 100 feet depth. At this depth an artesian basin was entered which
raises water 7 feet above the ground surface.

(3) Truman Eggleston, near Parma, Jackson County, Mich.; 3-inch well
drilled to 47 feet depth. Drains a pond 2 to 3 acres in extent. The reclaimed
land is used for wheat growing.

(4) George Eggleston, near Parma, Jackson County, Mich.; 3-inch well drilled
to 42 feet depth. At this depth an artesian basin was entered which raises
water 6 inches above the ground surface, rendering the well useless for s'ain-
age purposes; further drilling is contemplated.

(5) Edward Burt, Jackson County, Mich. ; two 3-inch wells, the first to a total
depth of 32 feet, of which 19 feet are in rock; the second to a total depth of 46
feet, of which 22 feet are in rock. The two wells are 15 rods apart; the second
affords a successful drain.

(6) Arthur Morrell, near Jackson City, Jackson County, Mich.; 3-inch well
drilled to 147 feet depth. 1t yields an artesian stream rising ¢ feet above the
ground surface.

(7) Bullen Brothers, Parma County, Mich.; 3-inch well drilled to 34 feet
depth. It yields an artesian flow raising water 12 to 18 inches above the ground
surface. This is distant but a few miles from several successful drain wells.
It is apparently an artesian well in stratified glacial drift,
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(8) Charles 1. Moe, Jackson County, Mich.; 3-inch well, at first drilled 116
feet without success. Afterwards it was drilled 32 feet farther, making the
total depth 138 feet, and giving a successtul drain, which reclaims about 10
acres.

(9) Fred Watkins, Parma Township, Jackson County, Mich. ; 3-inch well, with
a total depth of 170 feet, 48 feet at surface through sand and clay and 122 feet
through apparently soft stratified rock. Water rises in well within 25 feet of
the surface. The pond had an area of 2% acres and seldom or never dried up.
Soil muck, with clay underneath. Two lines of draintile 5 feet in depth have
been used to drain the soil. 'Tributary area to pond, about 35 acres of tilled
land.

(10) Ebb Burch, near Concord, Jackson County, Mich.; stated to have three
successful drain wells.

(11) Frank Roe, near Bath Mills, Jackson County, Mich.; stated to have had
3-inch drain well in use for eighteen years, reclaiming a marsh; depth, probably
75 feet.

(12) V. R. Horton, Parma Township, Jackson County, Mich.; 4-inch well
drilled 70 feet through stratified drift, followed by 143 feet in shales and sand-
stone ; total depth, 213 feet, of which 75 feet was cased with 4-inch pipe. Well
located in pond of 4 to 6 acres area, which became dry in some seasons. Shal-
low muck bottom covered with grass; drains about 60 acres steeply sloping
tilled land. This well began to take water when about 170 feet deep. It
drained very rapidly for a time, but gradually decreased in capacity, apparently
as a result of caving or clogging of the pores in the discharge chamber. A
measurement of the rate of flow by Pitot tube was made March 28, 1905, by Mr.
Carl Horton. The well was then taking about 6 cubic feet per 1minute.

(13) W. H. Ilartwell, Albion, Calhoun County, Mich.; 4-inch drilled well 37

" feet depth, probably in glacial drift. Successfully drained pond of 1 acre area in
a deep glacial depression 1 mile from Kalamazoo River and at a considerably
greater elevation. Land area tributary to pond. perhaps 40 acres.

(14) , Ingham County, Mich.; 2 or 3 inch pipe; total depth, 138 feet—
90 feet through sand and gravel, 48 feet in sandstone. Well afforded successful
drain of surrounding marsh land, but has been closed to avoid possible pollution
of ground water,




TWO UNUSUAL TYPES OF ARTESIAN FLOW.

By Myrox L. FuLLEr.

INTRODUCTION.

As work on underground water progresses many variations and
peculiarities in the conditions giving rise to flowing wells are brought
to light. In another paper in the present report Dr. G. O. Smith has
described certain flowing wells in crystalline rocks of Maine and New
Hampshire and has explained the conditions governing their occur-
rence. It is the purpose to give in the present paper brief descrip-
tions of two unusual types of flow.

In the first of the two types the flow takes place from essentially
uniform sand, there being nothing which in any sense forms an
impervious cover. In the second the flow is of rock water from the
rock, although the confinement is not due to rock structure nor the
head dependent upon the rock outerop, but rather upon overlying
deposits of drift.

FLOWS FROM UNCONFINED HORIZONTAL SANDY STRATA.

This peculiar type of artesian flow, which is sometimes encountered
by engineers and others in their investigations of the water resources
of regions of prevailingly sandy materials, apparently defies the com-
monly recognized requisites of artesian wells, presenting a problem
of unusual interest and one which at first sight appears difficult of
solution.

The essentials for artesian flows, as defined by Prof. T. C. Cham-
berlin in his treatise on artesian waters® are a pervious bed lying
between two impervious beds and having its outcrop at a height
greater than that of the surface at the well—adequate rainfall, suit-
able outerop, and absence of leakage being assumed.

The requisites as defined by Professor Chamberlin, the most essen-
tial features of which are the impervious confining beds and the incli-
nation of the strata, have been almost universally accepted by writers
on the subject, but recent investigations, some of the results of which

e Requisite and qualifying conditions of artesian wells: Fifth Ann. Rept. U. 8. Geol.
Survey, 18835, pp. 134-135.

40
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are here represented, have shown that true artesian flows may take
place where both of these conditions, supposedly indispensable to
flows, are absent. In fact sands which are pervious throughout and
which are horizontal will often, when penetrated, vield flowing wells.
The principal governing such flows was, to a certain extent, rec-
ognized by Chamberlin, who states in the report cited (p. 138)
that the water itself may act as a confining agent, but in his descrip-
tions and illustrations two confining beds are always recognized, the
water through its pressure acting simply as an adjunct to the upper
confining layer in preventing leakage or increasing the head. The
possibility of flows from uniform materials does not seem to be
recognized.
EXAMPLES ON LONG ISLAND, NEW YORK.

In an investigation of the water resources of Long Island, New
York, conducted by the Survey in cooperation with the commission
on additional water supply for Greater New York, a study was made
of the ground water near the base of certain high bluffs bordering
the deep, narrow depressions constituting the bays of the north shore.

F16. 5.—Diagrammatic east-west section across the bays on the north shore of Long
Island, New York, showing horizontal stratification of beds, form of water table, and
position of flowing wells.

The materials in which the bays are cut consist of gravels and sands,
largely the latter, with no clays or other impervious materials. They
are essentially horizontal and form an imperfect terrace about 200
feet above sea level. as shown in the accompanying profile (fig. 5).
The sands, even of the finer varieties, were invariably pervious, and
the water table appeared to exhibit in the main the regular curve
characteristic of uniform materials, although irregularities, due to
varying coarseness, doubtlessexist. Notwithstanding this, wells pene-
trating below the water table at points near the base of the bluffs
(W, fig. 5) obtained flowing water. Mr. A. C. Veatch, who investi-
gated the problem for the Survey, decided that the occurrence of
flows depended upon slight differences in the degree of porosity of
the sands, which, however, were in all cases pervious throughout.
Beyond the determination that a slight difference in porosity was
sutficient to determine an artesian horizon,® however, nothing definite
was discovered as to the exact differences in texture necessary to give
rise.to flows. In a way the conditions are in harmony with a part of

a Science, n. s., vol. 19, 1204, pp. 795-796.
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those outlined by Chamberlin, the finer materials, though entirel
pervious, opposing the passage of water to a greater extent than the
coarser material. Pressure, however, is readily communicated
through the sand, even where there is much resistance to the move-
ment of the water, and as the well pipe affords a less resistance to
the upward passage of the latter as compared to that presented by
the finer sands, flows take place.

EXAMPLES IN MICHIGAN.

Character of flows—During the summer of 1904 an investiga-
tion of the waters of the Michigan drift was undertaken by the
Geological Survey, during which 300 or more flowing-well areas
deriving their supplies from the glacial drift were studied. One of
the most interesting features brought out was the occurrence, as on
Long Island, of flows from wells sunk wholly in sand. The topo-
graphic conditions are similar to those in the locality previously
described, the wells being located on broad valley deposits, or ter-
races or plains of sand, above which rise higher moraines or other
glacial deposits. The wells are almost invariably located at the base
of the slopes of the latter, where they merge into the lower plains,
etc. Commonly they meet with more or less clay, but numerous cases
were reported where only sand was encountered. It is the flows from
the latter which are of qpecml interest.

In many instances it is probable that, as on Long Island, more or
less marked differences in texture exist in the sands of the wells,
giving rise to the flows, but in other cases it was established that flows
could be obtained where the sand was of so uniform a texture as to
present no recognizable difference in the size of the grains. It was
further found that such occurrences were not isolated, but of wide-
spread distribution, the flows apparently resulting from some cause
other than differerce in texture, and depending on a seldom recog-
pized but widely prevalent type of artesian conditions.

Cause of flows~—The cause of these flows is probably to be found in
the arrangement and shape of grains. All the materials from which
the flows of the nature described are obtained are stratified ; in other
words, were deposited as layers, which, though composed of material
of uniform grain, were nevertheless laid down successively one over
_ another as horizontal laminz. Tt is characteristic of this process to
develop conditions more favorable to the transmission of water along
the laminse than across them, this being due in part simply to the
lamellar arrangement.2 There is, however, another factor present—

a This overlapping of grains has been described by W. O. Crosby in his discussions of
“hard packed ” sand in glacial deposits at® Clinton, Mass. (Techn. Quart., vol. 17, 1904,
pp. 61-62 and 67-70). Althongh such sand is so deposited or “ packed " that it strongly
resists the advance of the drill it nevertheless absorbs large quantities of water.
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namely, the irregularity of the shape of grains—which has probably
considerable influence in regulating the flow of water through the
sand. In sediments, such as gravel and sand, the particles, no matter
how uniform their size, are not symmetrical in shape. One axis is
almost sure to be longer than the other (fig. 6), and when deposition
takes place there is a strong tendency of the grains to arrange them-
selves with the longer axis horizontal and with the grains overlapping
each other to a greater or less extent, like the shingles of a house,
though, of course, far less perfectly (fig. 7). Under such conditions
it is clear that, although the material is perfectly pervious and may
hold large amounts of water, the passage of water across the stratifi-
cation will be difficult, at least as compared with its passage along the
lines of bedding. When a well enters such material it affords an easy
upward path for the water, as compared with the passage through
stratified material of the character described, and a flow will often
result.

F16. 7.—Overlapping sand
g 0 < grains, selected from
O DQD %D thoseshown in fig. 6, and
Q O from other similar mate-

riale, when arranged

F16. 6.—Shape of grains of a coarse with larger axes approx-
sand; natural size. Drawn from imately parallel with
photograph. (After King.) one another; normal size,

Importance of principle—The bearing of this particular type of
flow on the water-supply problems of individuals or of small towns in
the deeply gravel- or sand-covered regions of Michigan, Wisconsin,
and other of the Northern States is important. It is no longer to be
assumed that impervious confining beds are necessary to the flows
which are so highly prized in many regions, but if the topographic
conditions are such as to give the necessary head, flows may even be
obtained in uniform sands. In the States mentioned it is rare that
a well located at the base of any high elevation of sand or gravel or
clayey materials fails to obtain flowing water (the exceptions being
generally those wells penetrating nothing but clays), and pure ground-
water supplies are awaiting development in hundreds of small vil-
lages in these regions. Most wells obtain flows at a depth of 100 feet
or less, while wells over 200 feet deep are relatively rare. The flows
are commonly confined to a strip along the base of the bluffs or slopes
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about one-fourth or one-half mile in width, but occasionally artesian
wells are found at considerably greater distances from the highlands.

PECULIAR ROCK FLOWS,

In one of the regions in southeastern Michigan visited by the writer
in 1904 there were several flowing-well areas in which waters
partaking of the character of rock waters rose under artesian pres-
sure from the fissured surficial portion of the rock just beneath the
surface clays.

The locality visited is in southern Wayne and northern Monroe
counties and lies along the lower course of Huron River. The
region is characteristically flat, the surface materials consisting in
general of stiff, sometimes pebbly clays, covering to a thickness of
from 20 to 60 feet a slightly irregular rock surface mainly of lime-
stone or sandstone. The general conditions are shown in fig. 8.

From the figure it will be seen that the rocks, though dipping west
at a rate of about 25 feet per mile, have been so eroded that their

F16. 8.—Type of artesian conditions in southeastern Michigan.

surface slopes not to the west, but to the east. The westward dip
of the rock layers continues halfway across the State, after which
the beds rise again, but they do not reach the surface anywhere in
Michigan. Considering the general impervious character of the
rocks, the remoteness of their western outcrop, and the fact that the
elevation of the latter is nowhere sufficient to give the observed head
at a point so far away, it is certain that the water can not come up
the dip from remote sources. On the contrary, a careful study of the
wells showed that the water simply occupied the fissured upper
portion of the rock and moved eastward entirely independently of
the character of the rocks or their dip. Following the wells west-
ward, it was found that the source of the water was in the drift hills
resting on the rock a few miles to the westward, against which the
clays, serving as an impervious cap to the rock, terminate at a level
higher than that of the flowing wells.

The fissures in the rock appear to be largely of the nature of joint
and similar cracks, and were probably opened under the influence of
the weather when the rock was exposed at the surface before its
burial by the drift. Solution crevices dissolved in the limestone by
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the percolating waters also form a part of the fissure system. In
general the crevices are most numerous near the surface, the water
being commonly found within a few feet of the top. It is probable,
however, that some of the fissures reach considerable depths and will
vield water to deep wells. The water in its passage through the
rock dissolves from it more or less mineral matter, so that when it
issues once more from the wells it possesses the characteristics of a
rock water. In certain of the limestone areas it is high in sulphur,
while at other points it is low in sulphur, but high in iron, ete.

Summarizing, it may be said that the district presents the anoma-
lous condition of furnishing flowing rock waters, which, nevertheless,
are not originally derived from the rock, but from the drift, are con-
fined by drift, and depend upon the drift rather than the rock for
their head. In fact, in all essentials they are drift waters, the rock
simply serving as a carrier in place of the layer of stratified sand or
gravel commonly present.

The conditions described are duplicated at a considerable number of
points in southeastern Michigan, and the same explanation of the flows
may apply to other artesian districts in the clayey flat lands border-
ing the lakes in Michigan and adjacent States. The part played by
the surface clay as a retaining layer of rock waters suggests a possible
explanation of the confinement in crystalline or jointed rocks that
results in artesian flows.



CONSTRUCTION OF SO-CALLED FOUNTAIN AND GEYSER
SPRINGS.

By Myron L. FuLLER.

IMPROVEMENT OF SPRINGS.

Where springs issue in transparent pools or as streams of clear
water from the rock little can be added to their attractiveness by
artificial means. In many places, however, the water of the springs
seeps out slowly through the soil, the place of emergence being
marked simply by a wet, grassy, or boggy spot. In such cases the
springs may often be transformed by the construction of artistic
basins, rocky arbors, rustic spring houses, and other similar means.
One of the most useful methods of treatment is the construction of a
so-called * fountain spring,” while the most interesting in many ways,
and the most puzzling to many, is the “ geyser spring.” Both are of
simple construction and inexpensive, and the results under favorable
conditions are quite striking.

CLASSES OF SPRINGS.

In the present discussion springs are, for convenience, grouped
into two classes: (1) Hillside springs and (2) springs on flat or level
lands. In either the water may or may not be under pressure or
head. In those cases where there is no head the water can not be
made to rise naturally above its point of emergence, but when under
pressure it will, if confined, rise to a greater or less height above
the point at which it issues.

Fig. 9 represents a hillside spring unconfined and without head,
while fig. 10 shows a similar spring fed from waters confined between
two impervious layers and under more or less pressure; only in the
latter case will the water rise if confined. From either, however, a
fountain or a geyscr spring can be constructed if sufficient fall can be
had close at hand.
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Springs occurring on level land can also be classified according
to the amount of head which their waters possess, which will vary in
amount from just sufficient to bring the water to the surface to
enough to make it boil strongly from the ground.

To test the amount of head of the water of a spring it is necessary
to confine the flow. When this is low it can often be determined by
inserting a bottomless barrel about the spring. If the water rises to
a height considerably above the surface of the ground, and especially
if the half-sunk barrel fills and overflows, it may be presumed that
the water would under more favorable conditions rise still higher,
and possibly the spring could be made into a “ fountain spring.”

Fie. 9,—IHillside spring from unconfined water bed without head.

Fi1e. 10.—Hillside spring from confined water bed under more or less head.

CONSTRUCTION OF FOUNTAIN SPRINGS.

Definition.—The term “ fountain spring ” is here used to designate
a spring the water of which is made to rise through a pipe to a point
ubove the surface of the ground at the spring. It may flow gently
from a pipe into a trough by the roadside or in the barnyard, into
the sink in the kitchen, or it may, if the head is considerable, be made
to throw a jet into the air as in an ornamental fountain.

Construction.—The aim in the construction of “ fountain springs”
ig to confine the water and force it to rise, instead of flowing out use-
lessly upon the ground as in the undeveloped spring. To do this a
circular excavation about 8 feet in diameter should be made about
ithe spring, the earth being removed to a depth of 3 to 5 feet, or until
a layer of clay or clayey sand is encountered. The excavation when
completed should have the outline indicated by ¢ ¢* ¢* ¢* in fig. 11.
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A bottomless barrel (5 0' 52 5*) may then be inserted and an upright
pipe placed in the center with its bottom nearly level with the lower
edge of the barrel. Around the pipe inside the barrel are packed
rounded stones (G) 3 or 4 inches in diameter at the bottom, but
gradually decreasing in size until a height of 2 feet is reached. About
6 inches of sand (S) should then be inserted, covered with an equal
thickness of clay, or of as clayey sand or loam as can be found (C).
This should somewhat more than fill the remainder of the barrel, and
should be worked in around the edges on the outside until all avenue
of escape of the water, except through the projecting pipe is cut off.
The ground should then be leveled over and thoroughly tamped
down. An auger hole bored through the clay at the point where the
water rises (Sp) will sometimes improve the flow. In more elaborate
constructions cement can be used to advantage in place of clay.

Fi1c. 11.—Diagram showing method of constructing a * fountain spring.”” Sp. peint of
emergence of spring; G, gravel; S, sand; C, clay; b ! 32 b3 sunken barrel; ¢ ¢! €2 ¢5,
outline of original excavation.

The result of this treatment is that the water of the spring, de-
prived of its ordinary outlet, is forced to rise through the pipe. The
height to which it will rise and the force with which it will flow de-
pends upon its head, which is in turn dependent upon the elevation
of its source. There are many instances where the water is raised
into roadside troughs, and its possibilities in connection with farm
and household supplies are considerable. A few owners of impor-
tant springs, as at the Nochemo gprings, Reed City, Mich., have by
this or similar processes succeeded in obtaining streams w hlch throw
jets several feet into the air, making fountains of considerable beauty.









A CONVENIENT GAGE FOR DE]')I‘ERMINING LOW ARTESIAN
HEADS.

By Myro~ L. FuLLEr.

‘One of the most important items in the investigation of artesian
wells is the head, or height, to which the water will rise. Although
the volume and velocity of discharge afford general indications of the
head, other factors, especially the size of the pores of the rock through
which the water passes, have an important modifying action upon the
flow. The head which in a porous material will give a large discharge
under considerable velocity may give only a small drizzle in a very
fine-grained material, owing to the resistance of the latter to the pas-
sage of water. Tn most cases the exact character of the water-bearing
horizon is not known, and even where known the flow may be depend-
ent, not on the nature of the material in the immediate vicinity of
the well, but on the average character of the material which the water
has penetrated in its passage from its source to the point of emergence.
This is known even more rarely than the character of the water bed
at the well.

It being, therefore, commonly impossible to calculate the head from
the volume or velocity of flow, it becomes necessary to apply sonie form
of pressure gage to the well. This has often been done n the case of
wells of high head in the more important artesian districts, but,
because of the cumbersome character of ordinary gages and the dif-
ficulty of connecting them with the wells, they have been rarely used
on small wells of low head, such as those which occur at many points
in the drift-covered areas throughout Michigan, Wisconsin, and
Minnesota.

The ordinary steam gage is about 5 inches in diameter and several
inches thick, and its use has commonly necessitated considerable
plumbing work in piping it on to the well. TFor some time the writer
has sought for a gage of small size, capable of being quickly applied,
and has at last found one of low price which will measure heads up
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to 50 pounds, or about 100 feet, can be carried in the vest pocket,
and can be applied to ordinary pipes and read in a second’s time. It
is described in the following paragraphs.

Pipe from
well/

FiG. 13.—Convenient form of pres-
sure gage and its application.

The gage adopted for the measurement of
low pressures is 2 inches in diameter and 1
inch in thickness. The type commonly used
is nickel plated, though it can be obtained
plain, and the face is protected by a thick
beveled crystal. The dial is graduated in
pounds and reads up to 50, each fifth pound
being marked by figures (fig. 13).

Into the stem of the gage a small three-
eighths inch metal tube, about an inch in
length, is screwed, over which is stretched
and wired a rubber tube which opens out
into a broad flange 2 inches or more in
diameter (fig. 13). This peculiar tube,
though appearing at first sight of a charac-
ter difficult to obtain, may nevertheless be
secured at any drug store, and is made by
simply cutting through the middle of the
bulb of a large-sized syringe.

In the case of small wells, such as those
for which the apparatus was devised, the
diameter of the pipe from which the flow
issues is commonly from one-half to 1 inch,
and will rarely exceed 2 inches. Inapplying
the apparatus take the gage in the right
hand and at the same time slip the open
half of the rubber bulb over the end of the
pipe, holding it firmly so that no leakage
takes place. With discharge pipes up to 1
inch in diameter and with heads within the
limits of the gage this can be done without
difficulty, and the pressure read immedi-
ately from the dial. With 2-inch pipes the

gage can not be used satisfactorily for pressures much greater than
25 pounds per square inch.



WATER RESOURCES OF THE CATATONK AREA, NEW YORK.
By E. M. KiNpLE.

LOCATION.

The area here considered lies to the southeast of the Finger Lakes
region of New York and has for its southern boundary the New
York-Pennsylvania State line. It is about midway between the east
and west boundaries of the State. Four 15-minute quadrangles,
known as the “ Dryden,” “ Harford,” “ Owego,” and “Apalachin,”
comprise the area. The city of Ithaca lies near the northwest corner
of this area, but only partly within it. Binghamton lies near the
southeast corner, but just outside the area.

1

TOPOGRAPHY AND GEOLOGY.

The region is one of strong topographic relief, the hills reaching
a maximum elevation of 2,000 feet, with an average elevation of, per-
haps, 1,500 feet. The drainage is principally to the Susquehanna
River, which crosses the southern part of the area from east to wesr.
The drainage of the northwestern part of the area, including most
of the northern half of the Dryden quadrangle, discharges into Lake
Cayuga. All of the principal valleys lie between the 800- and 1,200-
foot contours except Cayuga Valley, which just enters the region
on the northwest and has an elevation of between 380 and 400 feet at
Ithaca. Shales and sandstones of upper Devonian age comprise the
surface rocks of these quadrangles. The rocks lie approximately
horizontal, with a general but small southerly inclination, interrupted
over a part of the area by very low folds with east-west trend.
Glacial deposits of clay, sand, and gravel cover the whole of the
region.

WATER RESOURCES.

WELLS.

The sandstones and shales which constitute the consolidated rocks
of the region are comparatively impervious to water, and relatively
few wells or springs derive their supply from them. The glacial
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till, with its interbedded sands and gravels, acts throughout the whole
region as a reservoir, from which wells from 10 to 40 feet deep usually
obtain a satisfactory supply of water for domestic pusposes. Springs
are common on the hill slopes and supply flowing water to a large
number of farms.

The wider and deeper valleys of the region have very generally
been deeply filled by drift. The complicated structure of this fill-
ing, which frequently includes alternating beds of clay, gravel, and
sand, affords in some localities artesian-water conditions. It prob-
ably includes in all cases sand or gravel beds between more or less
impervious beds of clay. These coarse beds are doubtless connected
by more or less continuous deposits of water-bearing materials reach-
ing diagonally across or rising between the impervious beds and con-
necting with the alluvial fans in front of the mouths of streams
descending to the vallevs from the hills. A continuous waterway is
thus formed from the gravel fans, which absorbs all of the water at
the mouths of many small streams, except in times of flood, to the
buried sheets of sand and gravel.

Ithaca wells—The most important of these artesian-water areas
is that of the Ithaca delta at Ithaca, which is partly in the Dryden
and partly in the Ithaca quadrangle. Well records show the maxi-
mum thickness of the drift filling here to be 400 feet. A large num-
ber of wells at Tthaca have secured artesian water at depths of from
70 to 100 feet. The wells which afford large flows, however, all go
deeper than this.

More than a dozen wells, a majority of which have been successful,
have been sunk just south of the city of Ithaca for the purpose of
securing artesian water for the city, which it is purposed to supply en-
tirely from this source. The first of the series was estimated to yield a
daily flow of about 300,000 gallons. The records of these wellse
show, first, a bed of fine-grained massive clay 40 to 60 feet thick.
Coarse water-bearing beds of sand and gravel follow the clay to a
depth of 60 to 120 feet. These are underlain by a second clay series
extending to a depth of from 200 to 280 feet. Below these in every
well are found coarse-textured beds, including some sand and gravel.
These are the principal water-bearing beds and vary in texture from
coarse gravels to fine “ quicksand,” which last is sometimes forced
by the water under pressure into the pipes in sufficient quantity to
stop the flow. The largest flow is obtained from the coarse gravels.

According to Professor Tarr, the origin of the artesian water at
Tthaca is, in the case of the upper water-bearing horizon,  the allu-
vial fans opposite the mouths of the streams that descend to the
Ithaca delta.”? The water found in the deeper sands and gravel is

e Jour. Geol., vol. 12, 1904, pp. 69-82. ®1d., p. 81.
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believed to originate in “the moraine which occupies the Cayuga
Valley from the divide nearly to the well sites, a distance of over 11
miles.” @

Slaterville Springs wells—A number of flowing wells are located
in the broad valley of Sixmile Creek, in the vicinity of Slaterville
Springs. These usually reach the artesian-water horizon in a bed of
sand or gravel at from 44 to 74 feet below the surface. The flow is
small, usually not exceeding 5 gallons per minute. Much of the water
is mildly chalybeate in character and carries small quantities of cal-
cium carbonate, magnesium, sodium, and potassium. It is consid-
ered to have medicinal value, and the village has become a popular
summer resort on account of it. A successful attempt was made
at the creamery to secure water free from the mineral properties
characterizing many of the wells. Two wells, respectively 110 feet
and 76 feet deep, secured flowing water in sand free from mineral
constituents.

Other artesiun wells—Other localities at which flowing wells occur
in this region are as follows: One mile west of Brookton on the
land of D. C. Hanford, at Newark Valley on the property of Jabez
Smith, and just north of Tioga Center.

MINERAL SPRINGS.

Several springs whose waters contain sulphur or other minerals
occur within this region. The following list includes those which
have been visited by the writer, but is probably incomplete:

Dryden—West of Dryden one-half mile a chalybeate and a sul-
phur spring are located within a few feet of each other. A summer
hotel has been located near the springs for many years. The sulphur
spring has a strong sulphurous taste and is favorably known for its
medicinal properties.

Speedsville—A sulphur spring is located about 1 mile northeast of
Speedsville on the east side of Owego Creek Valley. The water is
used for stock.

Nanticoke.—Nanticoke spring is located 1 mile south of the village
of Nanticoke in a small valley running northwest from Nanticoke
Creek. The spring apparently rises through the drift, but the
proximity of bed rock is shown by an outerop of sandstone and shale
a few yards away. The water tastes rather strongly of sulphur and
coats the sides of the spring with a white deposit of that substance.
The water is used for domestic purposes.

8pencer—Two springs known as Spencer Springs are located in a
small valley 3 miles northeast of Spencer. They occur in a seepage

@ Jour. Geol., vol. 12, 1904, p. 82.
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area of 60 or 70 square vards in the bottom of the valley. Three
separate springs have been developed and inclosed in this seepage
zone, two of which furnish strong sulphur water, which coats the
channel leading from them with white sulphur; the third has a very
mild mineral taste, with little or no sulphur. The place was formerly
the site of a summer hotel, which was burned a few years ago.

Halsey Valley~—A sulphur spring is located 3 miles southeast of
Halsey Valley on the west fork of Pipe Creek, issuing from the slope
of a steep hill about 100 feet above the valley. There is a cousider-
able flow of water, which is used for stock. This is the only mineral
spring in the region that is located considerably above the bottom of
the valley in which it is found.

Qlen Cairn—South of Glen Cairn 11 miles and about 4} miles
northeast of Waverly a sulphur spring occurs in a small branch of
Ellis Creek Valley. The spring is located very near an outcrop
of bed rock, from which it is probably derived. The flow is larger
than that of most of the mineral springs, and contains considerable
sulphur, which coats the sides of the spring. It is used for stock and
domestic purposes.

Owego Creek.—Three miles south of the mouth of Owego Creek
and near the head of Smith Creek there is a sulphur spring, which
has a mildly sulphurous taste. The small flow is used for stock.

Source of the springs—None of the mineral springs afford a large
volume of water, the flow probably in no case exceeding 5 gallons
per minute. All reach the surface through glacial deposits, but it
appears probable that the sulphur springs derive their waters from
the consolidated rock below the drift, possibly the Genesee. This
opinion is based upon the following considerations: (1) Sulphur
waters are derived from the decomposition of mineral sulphides, very
frequently from pyrites; (2) there is a comparatively small amount
of such minerals in the drift and a relative abundance of them in the
Genesee and other upper Devonian rocks; (3) the Genesee and
Portage are cut by well-developed systems of joints, which permit
surface waters to penetrate and traverse them; (4) the general south-
erly inclination of the bed rock would cause waters traversing them to
rise to the surface when the joint conditions were favorable; (5) just
north of this region strong sulphur springs escape from the joints in
the Genesee at points where the formation is exposed in post-Glacial
gorges.

STREAMS.

The streams of this region derive their waters throughout the
greater part of the vear principally from seepage and from the
springs in the assorted glacial material and till. A fairly uniform
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supply is maintained, therefore, during the months of least rainfall,
of water of excellent quality and purity when protected from barn-
vard contamination.

The streams furnish the principal source of water supply for the
villages and cities within the area. The water supply for the Cor-
nell University campus is derived from Fall Creek. The city of
Ithaca derives the greater part of its water supply from Sixmile
Creek.

A number of streams with moderate gradient have been utilized to
furnish water power for sawmills and gristmills. Water power is
thus used at Brookton, Marathon, Newark Valley, Owego, Candor,
and other points. Streams possessing both a very high gradient and
a considerable volume of water are confined to the northwest corner
of the region and are two in number—C(ascadilla and Fall crecks.
Both streams have a fall of about 400 feet in 1 mile at Ithaca, but the
latter is the larger and more important stream. It supplies power
for three or four mills and factories and for the Sibley shops and
hydraulic laboratory of Cornell University.



WATER RESOURCES OF THE PAWPAW AND HANCOCK QUAD-
RANGLES, WEST VIRGINIA, MARYLAND, AND
PENNSYLVANIA.

By Georce W. Stost and Grorce C. MARTIN.

GENERAL CONDITIONS.

Potomac River divides the Pawpaw and Hancock quadrangles
into two almost equal parts, the portion north of the river lying in
Maryland and Pennsylvania and that south of it in West Virginia.
The river here is about a quarter of a mile wide, and in most places is
too deep to be forded. The only wagon bridge within the area is at
Hancock, Md., and the only existing railroad bridges at Cherry
Run, but the Western Maryland Railroad is now constructing four
bridges for its new extension to Cumberland in the vicinity of Paw-
paw. The only ferry within the area is at Cherry Run. At Great
Cacapon, W. Va., the river is dammed to a height of about 15 feet to
furnish water for a feeder to the Chesapeake and Ohio Canal on the
Maryland side. A gristmill at Great Cacapon formerly obtained
power from the same source. Pollution of the river is not excessive
in this area, as there are few large towns or factories along the banks.

TOPOGRAPHY.

The area is essentially a hilly region, crossed by prominent ridges
and mountains having a northeast trend, which are part of the
Appalachian Valley system. The maximum elevation attained is
2,260 feet, in Cacapon Mountain. Sideling Hill, Town Hill, Sleepy
Creek Mountain, and Third Hill Mountain are other prominent
ridges, from 1,700 to 2,000 feet in altitude. The intervening areas
are of a plateau character, deeply dissected by numerous streams.
The valleys are narrow and steep and in general have a northeast-
southwest course. The remnants of the plateau, the surface of which
ranges in elevation from 700 to 1,000 feet, form narrow, flat-topped
ridges, parallel to the longitudinal streams.
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GEOLOGY.

The rocks are all sedimentary, and range in age from Ordo-
vician to Carboniferous. They are closely folded in a northwest-
southeast direction, and the truncated, steeply inclined beds, trend-
ing northeast and southwest, cross the entire quadrangle and con-
trol the development of mountains and valleys in this direction.
Cacapon Mountain is composed of Silurian (Medina) quartzite,
brought up by a bold anticline, while Sideling Hill, Town Hill,
Sleepy Creek Mountain, and Third Hill Mountain are composed of
Carboniferous sandstones infolded in synclines. The minor ridges
are mostly monoclinal, composed of thinner siliceous formations in
the Silurian and Devonian shales and limestones, on the upturned
edges of which the plateau has been carved.

WATER RESOURCES.
STREAMS.

The chief tributary streams are Great Cacapon River, Little Caca-
pon River, Sleepy Creek, and Back Creek, on the West Virginia
side of the Potomac, and Licking, Tonoloway, Sideling Hill, and Fif-
teenmile creeks on the Maryland-Pennsylvania side. These streams
have a large flow of water, and the fords are deep, even at low stage.
The water is clear and in general unpolluted. Many of the smaller
streams also have a considerable flow of clear water suitable for
water supply or for power. The water power of these streams is
undeveloped, with the exception of that utilized by a few gristmills.
An electric power and light plant of considerable magnitude, how-
ever, is at present under construction near the mouth of Great
Cacapon River. Although deeply incised in the topography, this
river has, in places, a very sinuous course, and 1} miles southeast
of the town of Great Cacapon makes an unusually long detour of
12 miles, whereas the direct distance across the neck is less than
one-fourth mile. A rock tunnel 14 feet wide, 10 feet high, and 234
feet long has been cut through this neck, and a dam 15 feet high and
12 feet base has been built at the entrance. A fall of 18 feet is thus
obtained, and it is estimated by the company that there is sufficient
water, even at low stage, to furnish 750 horsepower. A direct-
acting turbine of 600-kilowatt capacity is being installed. Wires
have been strung to the towns of Great Cacapon and Berkeley Springs,
which are to be lighted by electricity, and in time power and light
will be furnished to all surrounding villages as far as Hancock.
The plant is to be in operation early in 1905. The power thus made
available at small cost will no doubt attract new industries to this
sparsely settled portion of West Virginia.
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SPRINGS.
MISCELLANEOUS SPRINGS.

Small springs are frequent where sandy strata or limestone are
exposed, but large springs are not common in this area. One spring
worthy of note is at Ziler Ford, W. Va., near the southern end of
the Pawpaw quadrangle. A stream of such size issues from be-
neath a ledge of upturned limestone that it was formerly used to
run a gristmill. It is now abandoned, however, and the mill has
fallen into decay. Another important spring is at Indian Springs,
Md., in the eastern part of the Hancock quadrangle, where a small
but attractive hotel entertains many summer guests.

BERKELEY SPRINGS.

The most noted springs in the region are at Berkeley Springs,
W. Va:, formerly called Bath, in the western part of the Hancock
quadrangle. They issue from the foot of a monoclinal ridge of
steeply inclined sandstone (Oriskany), at the contact with overlying
impervious shale (Marcellus).

History—These springs have been resorted to for their health-
giving properties for many years, and the names of Washington,
Fairfax, and others dating back into the eighteenth century are
closely associated with them. The road leading from Washington
to the springs is known throughout this part of the country as the
Warm Spring or Sir John Road. The following is an extract from
Burke’s Virginia Mineral Springs, 1853:

These springs were the first known, as, assuredly, they are among the most
important of the mineral waters of Virginia. They were frequented before the
Revolution and visited by Washington and other distinguished personages, who
had cottages erected for their own accommodation. The property of these
springs was originally vested in Thomas Lord Fairfax, who made a grant of a
few acres of land and the water privileges to the State, reserving to his own use
one spring, still known as * Lord Fairfax’s Spring,” and thereon obtained a
charter for laying off 50 acres as the site of a town, which was accordingly laid
off and partially built upon. The State grounds and water privileges were
vested in a body of trustees, whose successors continue to govern and control
them.

The setting aside of this park as a State reservation is described by
J. J. Moorman * as follows:

The importance of this property was appreciated by the country at a very
early period, for in October, 1776, in the first year of the Commonwealth, we
find the following in the statute book of Virginia:

“Whereas it hath been represented to the general assembly that the laying off

a The Virginia Springs, 1859.
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of 50 acres of land in lots and streets for a town at the Warm Springs, in the
county of Berkeley, will be of great utility, by encouraging the purchasers
thereof to build convenient houses for accommodating numbers of infirm persons
who frequent those springs yearly for the recovery of their health:

“Be it therefore enacted by the general assembly of the Commonwealth of
Virginia that 50 acres of land adjoining the said springs, being part of a larger
tract of land, the property of the Right Hon. Thomas I.ord Fairfax, or
other person or persons holding the same by a grant or conveyance from him. be,
and the same is hereby, invested in Bryan Fairfax, Thomas Bryan Mastin, War-
ner Washington, Rev. Charles M. Thurston, Robert Rutherford, Thomas Ruther-
ford, Alexander MWhite, Philip Pendleton, Samuel Washington, William Ellzey,
Van Swearengen, Thomas Hite, James Edmunson, James Nourse, gentlemen
trustees, to be by them, or any seven of them, laid out in lots of one-quarter of
an acre each, with convenient streets, which shall be, and the same are hereby,
established a town by the name of Bath,” ete. (Hening's Statutes at Large.)

Pdried

The town was consequently laid off into lots in August, 1777. Among the pur-
chasers were Charles Carroll of Carrollton, Horatio Gates, Gen. George Wash-
ington, and many others of note and distinction.

Berkeley Springs is now a fashionable watering place, and many
of the best families in the East have handsome summer residences
there. A beautiful park of several acres surrounds the springs, in
which are located the bath houses and offices of the company control-
ling the property. Formerly a spacious hotel faced this plaza, but it
was burned down, and another has had a similar fate, so there remains
but one hotel, too small to accommodate the health and rest seekers
during the summer season. Another large hotel adjoining the park
is much needed to restore this resort to the place it formerly held as
one of the leading watering places in the East.

Character of Berkeley Springs—The Warm Spring ridge is com-
posed of white porous sandstone, which crops conspicuously on its
eastern face, dipping down the slope at about 50°. The black shale
overlying the sandstone is exposed on the flanks of the ridge at many
places. At the springs, however, the steep sandstone slope descends
to the valley bottom so that the shale does not appear. The principal
springs are four in number, but in reality the water seeps out con-
tinuously over a space of 100 yards. These four springs have been
inclosed by stone walls, within which the sparkling water bubbles up
through the white sand and gravel at the bottom. From these inclos-
ures the water is piped into the bath houses. There are two large
swimming pools, through which the water flows constantly at its
natural temperature, and although these pools are 44 feet deep, the
remarkable purity of the water makes them appear very shallow. A
newcomer always hesitates to dive into the pool for fear of striking the
cement bottom. There are also a large number of tubs and small pool
baths 8 feet by 6 feet in cross section and 4 to 5 feet deep, where the
water is heated to any desired temperature by the injection of steam.
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An analysis of the water, made for the company by J. H. Dickson,
chemist, Pittsburg, Pa., and published in an advertising leaflet, is as
follows:

Analysis of water at Berkeley Springs, W. Va.
Grains per gallon.

Tron_ e 0. 506
Carbonate of lime__________ . 9. 577
Carbonate of magnesia _____ S 1. 951
Sulphate of lime - _____________ 1. 098
Chloride of sodiwm.__ . 244
Silicie acid ___ __ . 122

Total residwe - ___ . __ 13. 498

Since the United States gallon contains 58,372 grains, the per-
centage of mineral matter in the water is small. The gas occurring
in the spring water has been determined by W. B. Rogerse to be
chiefly nitrogen, with a small amount of oxygen and carbonic acid.
The water is regarded as beneficial, both as a beverage and for bath-
ing, being especially recommended for rheumatism and gout. Its
temperature of 73° F. makes it very comfortable for summer bathing,
although in the swimming pools it loses some of its heat by radiation.
On account of its temperature it is somewhat insipid as a beverage
when taken direct from the spring, and some prefer to let it cool or
use ice; but one soon becomes accustomed to drinking it and relishes
it for its purity and sparkle. The mineral contents are not sufficient
to give it a taste, and unless taken in large quantities it can hardly
be classed as a mineral water. Some patients drink as many as
thirty glasses a day.

Flow of Berkeley Springs—1It is difficult to determine the amount
of flow from the springs, since the water is diverted to many channels,
some being supplied direct to an electric-light plant and some piped
into the town. A rough estimate was obtained by measuring the
stream which flows away from the springs and calculating what is
otherwise consumed. The flow for the combined springs as thus de-
termined is 1,560 gallons per minute. In William Burke’s report,
referred to above, the flow is stated to be between 1.000 and 1,500 gal-
lons per minute. This copious supply of crystal pure water is largely
unconsumed and, except in the process of washing glass sand in the
factories below the town, is unused, whereas millions of gallons could
be bottled for domestic purposes and shipped to eastern cities at
small cost.

Origin of Berkeley Springs—The springs undoubtedly come from
the sandstone forming the Warm Spring ridge. This is an unusually
pure sandstone, quarried for glass sand at many points; yet it prob-

2 Geology of the Virginias, p. 582,
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ably furnishes the small quantity of minerals, chiefly carbonates of
lime and magnesia, contained in the water. Since there is no indi-
cation of the volcanic or chemical origin of the heat, it is assumed
that the waters have risen from a considerable depth, where the
internal heat of the earth is 'sufficient to produce the tempera-
ture. At the rate of increase of 1° for each 50 or 60 feet of depth
within the earth, which is the generally accepted average deter-
mined from deep mines and bore holes, the depth necessary to
heat the water from 52°, the average temperature of the region, to
73° would be between 1,000 and 1,300 feet. It is considered, there-
fore, that the waters circulating through the sandstone at approx-
imately this depth, unable to rise through the overlying impervious
shale, find at this place some condition in the sandstone just beneath
the shale favorable to their escape.



WATER RESOURCES OF THE NICHOLAS QUADRANGLE, WEST
VIRGINIA.

By Georce H. Asuiey.

LOCATION AND GENERAL FEATURES.

The Nicholas quadrangle is a 80-minute quadrangle with an area
of nearly 1,000 square miles, located near the center of West Vir-
ginia, a little to the east of New and Kanawha rivers. It is within
the area of the Allegheny plateaus, though no remnants of those are
to be recognized within its boundaries. The elevations range from
just above 800 feet on Buffalo Creek to nearly 4,400 feet in the
southeast corner. The region, as a whole, is deeply incised, the hills
rising from 500 to 1,000 feet or more above the adjacent streams.
There are two rather distinct types of topography found here. The
first occurs in two areas, one south of Gauley River and the other
north of the divide between Gauley and Elk rivers. In these areas
the streams occupy relatively narrow valleys between steep banks,
rising to rounded divides. As a rule, the valleys are too narrow to
pay for cultivation, and nearly all of the farming is upon the tops
or upper slopes of tht ridges, so that the roads usually follow the
divides and cross, but do not follow, the valleys. The second type
of topography is found between Gauley River and the divide to the
waters of Elk River. Within this area the valleys are generally
flat and broad with low gradients, separated by divides that are
usually narrow and irregular. Here farming is almost entirely
confined to the broad, flat valleys. The difference in the two types
of topography is due to the positions of certain sandstone strata and
the accompanying shale beds.

CULTIVATION.

At present the quadrangle is lacking in railway facilities. As a
result there exist within it large tracts of fine timber, which are very
sparsely inhabited, only a small portion, confined almost entirely to
the ridges in the southern half and the northeast corner, being at
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present under cultivation. 1In the area immediately north of Gauley
River the farms are in the valleys or on the broad benches. At the
present time a branch of the Baltimore and Ohio Railroad extends
into the area to Richwood. and there are prospects that in the near
future other railroads will be built for the exploitation primarily of
the timber and later of the coal. '

DRAINAGE.

Gauley River crosses the quadrangle in almost an ecast-west direc-
tion near its center and drains most of it. The drainage of the
north edge s to Elk River, mainly through Bireh River and Buffalo
Creek. Meadow River is the main tributary of the Gauley from
the south in the western part, while the Cherry and the Cranberry
are the principal tributaries in the eustern part of the area. The
extreme southwest corner drains to New River. As a rule, the
streams have a rapid fall and during much of the year are clear, and
at the present time (before extensive lumbering has been under-
taken) are among the most attractive streams in the Appalachian
Mountains. As the water comes entirely from sandstone and shale,
it is what is commonly known as freestone, or soft water.

GEOLOGY.

The rocks of this quadrangle belong almost entirely to the Potts-
ville group of the Pennsylvanian series of the Carboniferous. The
rocks are predominantly sandstones or sandy shales, accompanied by
valuable beds of coal and clay. The dip is nearly uniform from
southeast to northwest, ranging from almost nothing to 300 or 400
feet to the mile, with an average of from 100 to 200 feet.

WATER RESOURCES.

Water for domestic purposes—At present wells are mainly de-
pended upon for drinking water and other domestic purposes. Over
a large part of the area the houses upon the ridges depend upon wells
rather than upon springs becanse of the necessary distance down to
the latter. Such wells are usually not deep and get but a variable
supply. In very dry weather they tend to give out, and recourse is
had to the springs down the slopes of the hills. In the flat valleys
and on the broad benches north of Gauley River wells are also de-
pended upon. Summersville, the county seat of Nicholas County,
and until a few years ago the largest village within the area, depends
entirely upon wells. Richwood. which has recently sprung up on the
branch of the Baltimore and Ohio Railroad, is supplied from several
deep driven wells and has a waterworks system. Farms which are
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on the slopes of the hills or in the narrow vallevs south of the (auley
usually depend upon springs. No large springs were noted in this
area, but small springs are abundant, especially at the horizons of
certain of the coals. One coal, known as the “ Gauley,” which is
found at or near the horizon of the well-known Sewell coal on New
River, 1s a notable spring horizon. From the almost uniform dip
of the rocks it would seem that this area offers unusual opportunity
for developing artestan wells.

Water power.—The large percentage of the ground that is covered
with standing timber tends to render the streams fairly constant in
volume. Most of them have a small flow all through the summer,
even in extremely dry weather. On account of the narrowness of
most of the valleys the latter are of very limited value for farming
purposes, and the dip of the rocks carries many hard cliff-making
sandstones down to water level along many of these valleys, render-
ing possible the construction of large power danis at relatively sinall
cost. Probably a large percentage of the streams could be dammed
at some point so as to yield a fair amount of power, which could be
transmitted electrically to some manufacturing center.

In many cases where the streams cross the sandstones falls or
rapids are produced, among which may be mentioned the falls of
Hominy and Grassy creeks, each of which is about 20 feet high.
North of Gauley River the streams cross a sandstone which lies just
below the level of the flat bottom lands and then cut through a com-
paratively deep gorge to the Gauley. Most of these streams present
opportunities for water storage and power.



WATER RESOURCES OF THE MINERAL POINT QUADRANGLE,
WISCONSIN.

‘By U. S. Graxr.

LOCATION AND GENERAL RESOURCES.

The Mineral Point quadrangle is situated in the southwestern part
of Wisconsin, with its southern edge extending less than one-half
mile into Illinols. It comprises considerable parts of Towa and La-
fayette counties and the eastern portion of GGrant County, in Wiscon-
sin, also a narrow strip along the northern border of Jo Daviess
County, Ill.  The quadrangle 1s bounded by west longitude 90° and
90° 30" and by north latitude 42° 30’ and 43°, and contains, approxi-
mately, 878 square miles.

The district is one which was settled early in the history of Wiscon-
sin, and is a rich agricultural region. The chief farm products are
hay, corn. oats, cattle, butter, and cheese. There are small manufac-
turing establishments at a number of points, and at the town of
Mineral Point large quantities of sulphuric actd and zine oxide are
produced.

The district 1s in the heart of the upper Mississippi Valley lead and
zine region, and has for seventy-five years heen kuown as a producer
of lead and zine ores. During recent years this production has de-
creased, but in the past two or three years the production of zine ore
has advanced markedly. This is due to the mining of bodies of zine
sulphide which exist below the level of ground water, a horizon below
which much of the early mining did not extend. The prospects are
that the future will see a more extensive development of this mining
industry and that the district will continue to be an important area
for both metals.

The principal towns are Platteville, Mineral Point, Dodgeville,
Darlington, and Shullsburg. The district is reached by branch lines
of the Chicago and Northwestern Railway, the Chicago, Milwaukee
and St. PPaul Railway, and the Illinois Central Railway.
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TOPOGRAPILY.

The Mineral Point quadrangle is situated within the driftless area
of upper Mississippi Valley, a region which was not crossed by the
invasions of the Pleistocene ice sheets, and consequently lacks those
peculiar details of topography which are so common in the surround-
ing glaciated areas. Thus there are none of the minor rregularities
due to drift deposits, nor are there lakes or swampy areas except
locally along the flood plams of some of the larger streams, and the
drainage features are well developed and systematized. In fact. the
whole topography is that produced by subaerial eroston acting on
strata nearly horizontal in position and of rather uniform degrees
of resistance.

The most noticeable topographic feature of the district is the flat-
ness of the uplands, for from any of the stream divides i the district
(he eye passes over an apparently even stretch of land. In this plain
the streams have cut marked valleys, the main ones of which lie 200
feet or more below the main level. These valleys are wide and flat-
bottomed, even when very small, and the district is topographically
mature. It has been estimated that about one-half of the cubic con-
tents of the land for 300 feet below the surface of the plain has been
carried away by stream erosion. Above this level, which is of the
nature of a peneplain formed probably in Tertiary time, rise two
groups of isolated mounds or monadnocks, one group (the Platte
mounds) lying 5 miles northeast of Platteville and the other south of
Shullsburg.

Aside from the mounds, the highest of which rises 1,430 feet above
the sea, the most elevated points of the plain are near the north side
of the quadrangle along what 1s known as the Military Ridge, where
the altitude averages close to 1,200 feet above sea level. To the north
of this ridge the streams descend rapidly, and the land less rapidly,
to Wisconsin River, which is outside of the boundary of the quad-
rangle. To the south the plain slopes gradually toward the south-
southwest, the lowest point being near the southwest corner of the
quadrangle, or about 950 feet above sea level.  The lowest point in the
valleys—660 feet above tide—1s along Fever River, where it crosses
the southern boundary of the quadrangle. The difference between
the extremes 1 elevation in the quadrangle 1s 770 feet.

GEOLOGY.

The district is underlain by rocks of early Paleozoic age, which dip
at very low angles toward the south-southwest, but in some places
have been thrown into gentle folds whose axes have a general east-
west direction and whose south limbs are long and gently sloping,
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while their north limbs are short and steeper. The formations rep-
resented in the district are shown in the following table, in which the
approximate average thickness of each 1s given:

. Ideal section in Mineral Point quadrangle.

Feet

Quaternary - ___.___________ Loessandsoil ... _______.___ ... _.___ T
Silurian .. . . __ ... ___ Niagara limestone . _______________ ... _____ 50
Maquoketashale . .. _____ ___ ___________ 160

Galena limestone .. . ___._ .. ______ .. ________ 230

Ordovician._. .__._.._____. Platteville limestone - _______________._._____ 5
St. Peter sandstone .. ... ____________ 70

Lower Magnesian limestone . _________ _______ 200

Cambrian. ... ______________. Potsdam sandstone ... ... _____________ 700

The Potsdam sandstone does not outerop within the area of the
quadrangle, but is regarded as present beneath the Lower Magnesian
limestone over the entire distriet. The Lower Magnesian limestone
consists of a lower main body of massive dolomite, above which is a
sandstone layer which is usually overlain by another dolomite. The
outcrops of the Lower Magnesian in this quadrangle are confined to
the bottoms of some of the valleys, where it emerges irregularly from
beneath the overlying St. Peter sandstone. The St. Peter sandstone
is usually a poorly cemented, comparatively pure quartz sandstone.
It varies constderably in thickness and its onterops are confined to
the valleys. The Platteville (or Trenton) Hmestone is, except for
its lower part (which is magnesian), a true lHmestone, which, for this
reason and also because it commonly ocenrs in beds of only a few
inches in thickness, is readily distinguished from the other limestone
formations of the district. It outcrops along the sides of many of
the valleys. The Galena limestone is a massive, rough-weathering,
frequently flinty dolomite. which forms the surface rock over the
main part of the quadrangle.  Outerops are frequent. In this forma-
tion and in the upper part of the next lower are the lead and zine
deposits of the distriet. The Maquoketa shales (frequently called in
this district the “ Hudson River ™ shales) consist of blue to green
shales and clays, with some thin bands of earthy limestone. This
formation, because of its soft nature, is ravely seen in outerop. It is
confined chiefly to the base of the mounds and to some of the higher
ground surrounding the mounds. The Niagara limestone is a dolo-
mite, frequently carrving large amounts of flint, and is confined to
the summits of the higher mounds; its total thickness is not seen in
the Mineral Point quadrangle, the figures above given referring only
to the formation as here represented. This hard dolomite at times
forms bold outerops near the summits of the mounds.

The soils of the distriet, except the valley alluvium, are residual-—
that is, are formed from the decay of the immediately underlying
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rock. Spread over much of the distriet 1s a very thin mantle of
loess, which becomes thinner and even entirely lacking in the eastern
portion of the quadrangle. It is more noticeable on the west and
southwest, but even here 1t rarely exceeds 4 feet in thickness and does
not average more than half of that amount.

These indurated formations represent one long period of early
Paleozoic sedimentation twice interrupted—once probably in Pots-
dam time and again at the end of Lower Magnesian time—the St.
Peter sandstone being unconformable upon this limestone formation.
There are no evidences in this quadrangle that formations later than
the Niagara were deposited here. There is, though, in the peneplain
already mentioned, direct evidence that the district was reduced by
subaerial erosion to a low-lying, rather level surface, probably in
Tertiary time. ILater the peneplain was elevated and erosion has
continued uninterruptedly to the present day.

WATER RESOURCES.
SPRINGS.

Among the important water resources of this quadrangle are
springs, which are numerous, and which are in the main confined to
three geologic horizons—the base of the Galena limestone, the base
of the Platteville limestone, and the base of the St. Peter sandstone.
A few springs issue at other horizons, as on shaly layers in the
Galena, but these are not large and do not occur ‘uniformly.

At the base of the Galena is a stratum, from a few inches to 4 feet
n thickness, of a black to brown carbonaceous shale, which is known
locally as the oil rock. This is commonly underlain by one or more
thin strata of blue to white clay or shale. All these strata are prac-
tically impervious and turn much of the water which soaks down
through the porous Gualena dolomite above. Springs from this
horizon are less common in the eastern portion of the quadrangle
than elsewhere, although they do occur here, while they are common
wherever streams have cut down into the Platteville limestone in the
vicinity of Plattevilie.

Tmmediately overlying the St. Peter sandstone is a bed of blue
shale, sometimes sandy, which is from 2 inches to 3 feet in thickness.
This very commonly turns the water, and there results the rather
unusual phenomenon of a marked line of springs above a porous
sandstone formation. This is a very constant spring horizon
ihroughout the parts of the district in which the St. Peter sandstone
outcrops.

The Lower Magnesian limestone appears irregularly beneath the
St. Peter sandstone in some of the deeper valleys. (lose to the top
of this limestone formation at tines are beds of very compact lime-
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stone or of shale and clay. The springs at this horizon are not so
numerous nor so constant in occurrence as at either of the two other
horizons.

These springs frequently form the starting points of permanent
streams, and they are of local importance to the farmers, as they
furnish fine supplies of water for domestic and dairy uses, thus
frequently determining the location of the farm houses.

STREAMS AND WATER POWERS.

The rainfall of the district is approximately 85 inches a year, the
streams are numerous, and irrigation is not necessary. The smaller
streams of the quadrangle descend quite rapidly, at times as much
as 60 feet per mile, while the larger streams have in their lower parts
an average descent of not to exceed 10 feet in a mile. There are no
waterfalls in the quadrangle, except those altogether too small to
be utilized as water powers. The main streams are Pecatonica River
in the eastern and Fever River in the southwestern part. Both
streams head within the quadrangle. The former is the larger, but
both are capable of furnishing water power for local nse, though at
present they are not ntilized except at two points—at Darlington, on
Pecatonica River, and near Benton, on Fever River, where small dams
have Deen erected. Many of the streams of the district having a fall
of from 10 to 40 feet per mile possess enough volume to furnish water
powers sufficient for small flour and grist mills. Abandoned mills
and millraces testify to the use of these water powers before the build-
ing up of the large milling centers in the Northwest.

WELLS TO GROUND WATER.

The distance from the surface to the level of ground water in this
area varies from less than 10 feet in the valleys to 100 feet or more
on some of the high interstream areas. No fignres are available as
to the average depth to the ground-water level, but this is far enough
below the surface to make it usually inexpedient to excavate open
dug wells. Wells sunk by churn drill are common, especially in the
broad upland parts of the district. The Galena limestone, which
is the rock immediately underlying the surface in the greater part
of the quadrangle, is sufficiently porous to furnish reasonable sup-
plies for domestie purposes in wells sunk a few feet below ground-
water level. The water of such wells is somewhat hard (although
no accurate determinations are at hand), but of excellent quality
for domestic use. Where wells are 'sunk to ground-water level in
areas underlain by the St. Peter sandstone the supplies of water are
large.
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DEEP WELLS.

For deep wells there are two important water-bearing horizons,
the Potsdam and the St. Peter sandstones, one or both of which can
be found under all the quadrangle. Little can be said concerning
water supply from the sandstone in the upper part of the Lower
Magnesian limestone, for it is not yet known whether it extends
under all the quadrangle, and in some places it 1s not separated from
the St. Peter by marked limestone strata.

St. Peter sandstone.—The St. Peter is a poorly cemented homo-
geneous sandstone of medium grain, composed sometimes of 99 per
cent of rounded quartz grains. It is an ideal water-bearing stratum.
Near the northeast corner of the quadrangle its upper surface is
1,050 feet and at the southwest corner about 600 feet above sea level.
Tt may be regarded as descending uniformly from the former to the
latter altitude, except for two areas, where it 1s 50 to 150 feet higher
than normal. These areas are along gentle anticlinal folds whose
axes run east and west; the axis of one fold lies south of Mineral
Point and north of Platteville, and that of the other runs from Red-
rock on the east to Cuba on the west. In the general upland level
(the old peneplain surface) of the quadrangle, where the (3alena
is the surface rock, the St. Peter can be reached in from 100 to 300
feet, while in areas immediately underlain by Maquoketa shales (as
about the Platte mounds, near Hazel Green, and south of Shullsburg)
it is farther from the surface. Wells sunk into the upper part
of this sandstone will at times furnish good supplies of water, while
an abundant supply can be counted on, except near some of the Lower
Magnesian outerops, in wells sunk to the base of the St. Peter. The
water from this sandstone is less liable to hold considerable quan-
tities of mineral substances than is water from lower horizons.

The inclination of the strata is toward the south-southwest, the
dip being greater than the surface slope. Thus favorable conditions
for artesian flows from the St. Peter sandstone would exist in the
southern part of the quadrangle were it not that toward the south (at
La Salle and Oregon, I11.) and the west (near Dubuque) this sand-
stone outcrops at lower levels than it holds within the quadrangle.
So artesian flows are not to be expected from this water-bearing
stratum, though in some wells the water will rise for a short distance
above the top of the sandstone.

Potsdam sandstone—The Potsdam sandstone is in large part as
uncemented as the St. Peter, and o is a good water-bearing formation.
It has, however, commonly more calcareous and argillaceous impuri-
ties, which at times form distinet limestone and shale beds, and thus
furnishes more than one water-bearing horizon. The Potsdam un-
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doubtedly underlies the whole quadrangle at a depth of from 230 to
350 feet below the top of the St. Peter. It can be relied upon as a strong
water-bearing formation, and is even more important than the St.
Peter. Water from the Potsdam will rise above the top of that hori-
zon, but can not be commonly expected to furnish flowing wells. Tt
is, however, possible that flowing wells from this horizon may be
obtained in some of the valley bottoms.



WATER RESOURCES OF THE JOPLIN DISTRICT, MISSOURI-
KANSAS.

By W. S. Taneier SMITH.

TOPOGRAPHIC AND GEOLOGIC CONDITIONS.
LOCATION.

The Joplin district is located at the intersection of the bound-
ary lines of Missouri, Kansas, and Indian Territory. It embraces
an area of 476 square miles, lying between 94° 15’ and 94° 45’
west Jongitude and 37° and 37° 15" north latitude. About three-
fourths of the district lies in Missouri, and includes among its larger
towns Joplin, Webb City, and Carthage; the remaining fourth (ex-
cept for a fraction of a square mile falling in Tndian Territory) is
in Kansas, and its largest towns are Galena. Empire, and Baxter
Springs. It is essentially a lead- and zinc-mining region, and most
of the settlements of the district are dependent on these interests.
Next to mining, agriculture is the most important industry.

TOPOGRAPHY.

The Joplin district lies near the western margin of the Ozark
uplift, a flat, asymmetric dome comprising most of the southern half
of Missouri and the northern half of Arkausas. The upland surface
of the district is almost flat, with a very low general slope to the
northwest. These nearly level uplands—on which most of the cities
and towns are located—are cut by numerous streamn valleys, for the
most part open and rather shallow. The valleys grow deeper toward
the southern and western parts of the quadrangle, reaching a maxi-
mum depth of about 200 fect below the adjacent uplands, and bor-
dered here and there, especially along Shoal Creek, by abrupt cliffs.
The drainage of the district as a whole is toward the southwest.

DRAINAGE.

The most important drainage lines of the district are Spring River
and its tributaries, Shoal, Ceuter, Turkey, Cow, Shawnee, and Short
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creeks and Buck Branch, together with several of the tributaries of
Center Creek. These, with about two dozen minor streams, comprise
all the perennially flowing streams of the district. The minor drain-
age lines run for the most part roughly at right angles to the valleys
to which they are tributary, and are characteristically short, seldom
exceeding a length of 3 or 4 miles. None of the streams are naviga-
ble. Even the largest. Spring River and Shoal Creek, though com-
paratively broad—the former having a width of 150 feet or more in
places along its lower stretches—are at many points shallow enough
to be forded.

The streams are all spring fed (except for a few small ones formed
by water pumped from the mines), and those which rise outside the
district receive important additions from springs in their course
across it.

GEOLOGY.

The rocks of the distriet are wholly sedimentary, and the surface
exposures are all of Carboniferous age. both the upper and lower
being represented. The lower Carboniferous (Mississippian) rocks
consist of about 350 feet of normally nonmagnesian limestones and
cherts i varving proportion, constituting the Boone formation. Not
far from the top of this formation 1s a thin but persistent bed of oolite,
outerops of which oceur in all parts of the distriect. About 100 feet
below this is a heavy bed of chert, averaging about 40 feet in thick-
ness and known as the Grand Falls chert.

The exposures of the Mississippian rocks cover the greater part of
the Joplin district. Above these lie the upper Carboniferous (Penn-
sylvanian) shales and sandstones, constituting the Cherokee forma-
tion. There is a considerable area of these shales and sandstones
along the western margin of the quadrangle west of Spring River,
in addition to which scattered areas and patches of them dot the entire
distriet.

As shown by exposures outside the district and by deep drill holes,
there is beneath the Mississippian rocks a very thin body of Devono-
Carboniferous deposits, succeeded in depth by 1,300 or 1,400 feet of
Cambro-Silurian rocks, consisting of a series of dolomites, magnesian
limestones, and sandstones. chiefly the first. These overlie the pre-
Cambrian crystalline rocks.

The rocks of the district have.a low general dip to the northwest,
at an angle somewhat greater than the general inclination of the sur-
face. Open folding is common on both a large and a small scale.
Noticeable faulting is uncommon over the quadrangle as a whole,
but in those parts where the lead and zine deposits occur both fault-
ing and folding are of more importance. The faulting has often
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given rise to brecciation of the rocks adjacent to the fault planes,
especially in the more cherty portions of the Boone formation. The
underground waters of the district, as seen in springs and deep
wells and in the mines, circulate chiefly along the bedding planes
of the rocks and along the fault planes—at least within the Boone
formation—the chert breccias forming unusually favorable channels
for underground circulation.

WATER RESOURCES.

The economic water supply of the district is drawn from the
streams, springs, wells, and rainfall, the last being sufficient in gen-
eral for agricultural purposes.

STREAMS.

General character—The streams of the district are used both as a
source of water supplv and for power. Of those available for
power Shoal Creek has an average fall of 7 feet to the mile for the
17 miles of its course through the district. Center Creek has an
average fall of 6.3 feet per mile for its 27 miles, while the average fall
of Spring River for the 28 miles of its course included in the western
part of the district is only 2.1 feet to the mile, and for its entire
length within the district about 3.6 feet per mile. The grade of
these streams is somewhat variable, so that locally the fall is con-
siderably greater than the figures given. At Lowell the course of
Spring River is broken by rapids, while along Shoal Creek between
Towell and Reddings Mill rapids are found at a number of points.
The only falls on these streams are those at Grand Falls, on Shoal
Creek.

Power.~—Shoal Creek has been dammed at Reddings Mill and at
Grand Falls, furnishing power at the former for a mill on the south
bank of the stream and at Grand Falls for the Joplin electric-light
plant. At Lowell, which is situated at the mouth of Shoal Creek,
both this stream and Spring River are dammed, the former stream
furnishing power for a gristmill which has not been run for two
years or more. The water of Spring River is used here for a large
gristmill on the west side of the river and for a small corn and feed
mill on the east side. On account of the low grade of the stream the
dam across Spring River here backs the water for about 2 miles up
the river. Below Lowell and east of Baxter Springs Spring River is
dammed again to furnish the power for a large mill.

Up Spring River from Lowell there was formerly a mill using
water power, at the old Boston Mill Bridge across Spring Creek
north of the mouth of Center Creek. Sonth of Waco, on Spring
River, there is a small mill, which has lately been repaired and put in
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running order. In addition to these, there is a mill obtaining power
from Spring River 1 mile west of the eastern margin of the dis-
trict. A short distance south of Spring River, in Carthage, a
large mill, which was burned down not long since, had a canal more
than three-fourths mile long cut to it from the river. A flour mill
near Spring River, west of Alba, also obtains water power from the
river through a canal, in this case nearly one-half mile long.

Domestic supply.—Spring River and Center and Shoal creeks fur-
nish the water supply of most of the cities of the district. The
Carthage pumping plant is on Spring River just north of the city.
The pumping station of the Webb City waterworks is on Center
Creek aboul a mile east of Oronogo. That for the Galena water-
works is ou Shoal Creek about 13 miles south of the eity. The Joplin
city water is taken from Shoal ('reek at a point about 3 miles a little
west of south of the city, and about 6 miles east of and above the
source of the Galena supply. It is pumped to a settling basin in
Blendeville in the sonthern part of the city, where it is filtered before
being pumped into the city mains.

A number of the streams of the district, most of them otherwise
potable, have been polluted to a greater or less extent by water
pumped from the mines. These waters contain zine sulphate and
other impurities, which, if sufficient in amount, render the streams
unfit for domestic uses and sometimes for other purposes as well.
Pollution from this source 1s greatest, of course, immediately in the
reighborhood of the mining camps, and it affects chiefly the smaller
streams. Rarely the zine content of the waters is sufficient, as in the
case of Turkey Creck, to destroy the fish once found in the stream.
Of the larger streams those principally affected are Turkey and Short
creeks and, to a much less extent, Center Creek below Carterville
and Oronogo. Comparatively few mines contribute water directly
to Spring River s.ad Shoal Creek. For this reason and on account
of the large volume of these streams, their zinc content is small.
In the Joplin city water, taken from Shoal Creek. the amount of
metallic zine, as determined at different times by Mr. W. George War-
ing, ranges from a trace to 4.2 parts per million.

It is probable that the Galena city water has a somewhat larger
proportion ot zine than the Joplin water (though not a dangerous
amount). on account of the zineciferous springs and the mines of
Gordon Tollow and its neighborhood, which are located just north
of Shoal Creck and several miles above the point of intake of
Galena's water supply, and on account of the waters from the mines
south of Blendsville, which empty wmto Shoal Creek just below
the source of Joplin's city supply. In addition to this there is the
danger of sewage pollution from these mining camps. In the case
of the Joplin city water any such danger appears to be slight, and it
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is doubtless reduced to a minimum by the filtration to which the
water is subjected.

The water of Shoal Creek is only slightly turbid, is without odor
or appreciable taste, and appears, from partial analyses made by Mr.
Waring, to have a low content of mineral matter. The water of

Jenter Creek, as shown by the accompanying analysis, contains a
moderate amount of mineral matter, the comparatively large pro-
portion of silica and alumina being due to suspended clays.

Mineral analysis of water from tap in Webb Cily watericorks office.

[Parts per million.]

Siliea oo 66. 4
Alomina ________ 16.9
Sodium chloride _ . _ __________ . 9.6
Sodium sulphate . _______________________________ 68. 4
Magnesium sulphate___________________ _____ 33.3
Ferrous sulphate.._____._________ S 10. 5
Caleium sulpbate - ______ . 111.5
Calcium bicarbonate - ______ ___________ . 240. 9

557.5

Cleveland and Millar Analytical Laboratory, analyst.

While this water is not known to be contaminated by sewage, the
location of Lakeside Park, between 2 and 3 miles above the source of
the Webb City supply, suggests a possibility of danger from this
source.

The Carthage city water is undoubtedly as free as any of the
waters derived from the streams of the district from contamination
from any source.

SPRINGS.

Occurrence.—Springs are common throughont the district, espe-
cially along Shoal Creek and its tributary valleys. They are found
for the most part along the margins of the valleys, though one issues
on the upland west of Joplin, the water lere rising to the surtface
along a fault plane. These waters come from different horizons in
the Boone formation. The Grand Falls chert appears to be especially
favorable to underground flow, and many of the springs along Shoal
Creek (almost the only part of the district where this member of the
Boone formation is exposed) emerge at either its upper or lower sur-
face. The springs are often of considerable volume, but the amount
of flow has not been definitely determined in any instance. The
largest one known to the writer in the district—on the eastern margin
of Grove Creek valley, about one-half mile west of north of Scot-
land—gives rise to a stream 12 feet wide and 6 or 8 inches deep.

Character—The water from all the springs is cold, no thermal
springs being known in the district. Most of the spring waters ave
clear, colorless, without sediment, and are potable, containing only a
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comparatively small ammount of mineral matter in solution, chiefly
calcium bicarbonate. Analysis No. 1 of the accompanying table is
probably tvpical of these springs. Where favorably situated these
springs are used as a source of water supply for household and other
purposes, but not for irrigation, so far as known. The water from
the spring on the upland west of Joplin is not only used by the people
of the vicinity. but is also piped to a neighboring mine.

Of the comparatively few spring waters of the district which differ
from those just referred to, one (see analysis No. 2) contains sodium
sulphate (which. next to calcium bicarbonate, 1s its principal con-
stituent) in sufficient amount to be somewhat medicinal, thus classing
it as a mineral water. The chalybeate springs at Baxter Springs—
used commercially and as a resort—contain chiefly caleium and iron
bicarbonate (analysis No. 3). These waters have only a slight taste
and show a slight reddish, flocculent precipitate.

A few of the springs of the district contain, in addition to the con-
stituents usually found in such waters, more or less zinc derived from
the oxidation of neighboring deposits of zine ore. Springs appar-
ently normal in other respects are thus rendered unfit for use. This
applies particularly to the springs in and near Jackson, Roaring
Spring, and Gordon hollows, most of which form more or less of a
cream-colored to nearly white, flocculent deposit. All the waters
showing these deposits probably contain zine, which is known to ocenr
in four of the springs. Oue near the head of Roaring Spring Hol-
low, according to an analysis by Mr. W. George Waring, contains
102.8 parts per million, while two springs nearly a mile south of east
of the mouth of Gordon Hollow, and just north of Shoal Creek (see
analyses Nos. 4 and 5), contain, respectively, 120.5 and 132.4 parts per
million of zine. The deposits of these springs, as shown by qualita-
tive analyses, differ somewhat in character from each other, though in
most cases they appear to consist chiefly of alumina and aluminum
sulphate, together with more or less silica. Some of the deposits
contain zine, but others do not, even where it is present in the water
itself, as in that analyzed by Mr. Waring. The waters analyzed by
Doctor Hillebrand were considered by him unique in having zine sul-
phate as their chief constituent. These waters have a more or less
astringent taste, only slightly so in some cases. Near the mouth of
Gordon Hollow is a spring the water of which is clear, the only de-
posit formed being an ocher-yellow film on rock surfaces over which
it flows. This water has an astringent, alum-like taste, and gives an
acid reaction with litmus. Other springs containing zinc are the
Great Western, nearly 3 miles north of east of Joplin, and the Green
spring, east of Empire, which are shown by analyses to contain,
respectively, 35 parts per million and 12.6 parts per million of
metallic zinc.
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Analyses of spring waters.
[Parts per million.]

1 2 3. 4 5
Lead sulphate .. _........._. None. |- |oooa. Trace. |......._.
Copper sulphate ..._.____ ... Trace. |--ooooo oot 0.5 | ...
Cadmium sulphate - ... .| ... |- R I P
Zinc sulphate .. ......___. Nome. |-, ... 297.7 327
Ferrous sulphate - ... .___|._________ 1.3 | ... 1.6 1.6
Manganese sulphate - ___ | | |- 6.3 6.6
Aluminum sulphate _______ | | . ... 2.5 3.2
Barium sulphate ... ... None. || .
Calcium sulphate. ... __|__..____._ 49 66.2 109.9 85.8
Magnesium sulphate.______. 0.4 11 11.7 19 21
Sodium sulphate - ._....___ 4 204.4 (... ... 5.9 6.8
Potassium sulphate_ ... ____. 2.2 e 5.6 5.6
Sodium chloride . ... ______ 2.8 13.3 3.4 4.3 4.8
Potassium chloride - ... ____ | .. ______|. ... ... ) P
Ferrous carbonate . ... .. ___ ... . ___|.._.___._. 9.1 ||
Ferrous bicarbonate ... ___. Trace. |--o-oooeo o booooi o
Calcium carbonate ... .| .. ____._.____ 152.5 72 94.7
Calcium bicarbonate . _.____ 172.7 369.4 | .||l
Magnesium carbonate ___ |__________|[._________ 2 R .
Magnesium bicarbonate ___. 14,6 ||
Lithium carbonate - ... _._ ... S P 6.9 | ...
Carbon dioxide (free). ___._. 1.8 | .. (€ T P A
Silica ... ... 15 18.7 39.4 13.7 15.7
Alamina, ... ____________ Trace. 2 R NI PRI
Organic matter, volatile, and
loss . il 9.2 | ..
218 664.1 405.3 539.9 579.3

a 38 cubic inches.

1. Water from spring, eastern margin of Shoal Creek valley, about 3¢ miles southeasterly
from Thurman. Analyst, H. N. Stokes, U. S. Geological Survey Labol'a%w. Combination of
substances by W. S. T. Smith.
3 2. lWater from spring mear Webb City. Analyst, Cleveland and Millar Analytical Laboratory,

oplin,

3. Water from Baxter Springs. Analyst, A. Merrill (1882). Reference: Bull. No. 82, U. S.
Geol. Survey, p. 173.

4. East Spring. and 5, West Spring, from group of springs on the road frowa Joplin to Seneca,
about 41 miles southwest of Joplin, at the base of a low bluff of Grand Falls chert. Analyst,
W. F. Hillebrand, U. 8. Geol. Survey laboratory. Reference: Am. Jour. Sci., 3dser., vol. 43, p. 419.

WELLS.

General character—Shallow dug wells are, outside the cities, the
most common source of water supply throughout the district, and
are to be found on the outskirts of even some of the larger cities.
Such wells range in depth from about 15 to about 65 feet. Some of
the deeper wells of the district are also partly dug, only their lower
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portions being bored. Occasionally water in old prospect or mine
shafts is utilized as a source of local supply, when it is not con-
taminated by oxidation products from the ore deposits.

Deep wells—There are in the district several thousand drill holes,
nearly all sunk in search of ore, and ranging from slight depths to
600 feet or more, very few, however, exceeding 250 feet. Although
_for the most part concentrated in the mining camps, scattered holes
are to be found in all parts of the district, and in some instances, out-
side the mining camps, they have been utilized as deep wells. 1In the
vicinity of the mines, however, they are not in general available for
this purpose, on account of the lowering of the water level by pumyp-
ing at the mines, and also because of the frequent contamination of
the waters by oxidation products from the ores. Probabiy none of
the holes which are less than 300 feet deep extend below the base of
the Boone formation. In addition to these, between twenty and
thirty deep drill holes have been put down primarily for water to
depths ranging from about 500 to 2,005 feet. They are, with one
exception, the result of private enterprise, and a considerable propor-
tion of them have been sunk chiefly to obtain water for use in boilers.
Besides this use, the water from the wells is employed for making ice
and for other commercial purposes, as well as for domestic use. In
Joplin and Webh City, although both have a regular water supply,
water from deep wells is carried about in water carts and sold for
drinking. Empire is the only town depending on a deep well for its
water supply.

There are no flowing wells. the water standing at depths ranging
from 15 to 200 fect below the surface. Both lift pumps and com-
pressed air are used for raising the water. The full capacity of most
of the wells is not known. The Missourt Lead and Zine Company’s
well at Joplin has a capacity of about 4+.000 gallons per hour (68 gal-
lons per minute). In other instances water has been pumped in
amounts ranging from 2.000 to 12,500 gallons per hour without affect-
ing the level. Except close to the surface the ground is, in general,
firm enough to stand without caving. A part of the wells, at least,
“are cased, the casing in several known instances extending to a depth
of 400 feet. The water in the wells is. in general, derived from the
Cambro-Silurian rocks. although there do not appear to be in these
rocks any definite water-vielding beds which are continuous through-
out the district. In some instances, as the Redell well in Joplin,
there is but one flow of water, in this case at a depth of 1.350 feet; in
others there are several flows. At the Freeman Foundry well, less
than three-fourths mile south of the Redell well. water was struck
at depths of 815, 860, 875, and 900 feet, the chief flow being from the
uppermost horizon.

R 14505 M——G
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The catchment area for these deep wells is to the southeast, where
the northwesterly dip of the rocks brings the deeper formations of the
district successively to the surface. It extends at least as far east as
the crest of the Ozark uplift, and probably some distance beyond it.

Chemical content.—The water from these wells 1s moderately cold,
temperature determinations in three cases ranging from 63° to 661° F.
The water in three of the Joplin deep wells has a slight though
distinct odor of hydrogen sulphide as it issues from the well, and this
is probably true also of some of the others of the district. This odor
disappears after the water has stood for a while, and it is not enough
to give the water any taste. Chemically the well waters which have
been analyzed show considerable uniformity. As shown by the fol-
lowing table, the total content of mineral matter is low, consisting
chiefly of calcium and magnesium bicarbonates, with smaller amounts
of sodium and potassium salts and silica.

Analysas of deep-ivell waters, Joplin district.

1 2 3 4. 5 6

Copper sulphate ... _______. Trace. |- oo e
Calcium sulphate. ... .| .o .| e 6.8 ...
Magnesium sulphate_______. 13.8 1Ll O D P
Sodium sulphate_.._..._._.. 11.1 i 51.4 20.6 1.3 ... ._.. 1.8
Potassium sulphate ... _____ 1.5
Sodium chloride. ... _.____.. 15.8 . 11.7 16.6 19.9 9.9 8.2
Potassium chloride . ________| __ I iTrace. | |o ool
Lithium chloride . ._.._. ... | Trace. | ... _.___|..._..._. S U P
Ferrous bicarbonate ._______ 1.3 .9 2.6 2.9 ... .2
Calcium bicarbonate. ... 162.9 | 214 178.5 | 150 202. 5 215.5
Magnesium bicarbonate .. __ 60.1 98.6 | 1381.3 | 108.7 | 108.8 43.8
Sodium bicarbonate . ___. . 14.5 35.6 30.9 ... .. 4.1
Silica ... ... ... . .. __ 7.7 | 7.2 14.2 10 | .. 10.8
Silica and insoluble residue | .. ... ' ______ | . |...__... 125 ...
Alumina ... ... ________. Trace. | ... ..\ __..... 9 ! .2
Undetermined. .. ... ___ .. T T

| 324.7 398. 3 399.4 | 339.6 | 348.2 i 354.6

i

. 1. Redell well, Joplin. Analyst, H. N. Stokes, U. S. Geol. Survey laboratory; combina-
tion of substances by W. S. T. Smith,
‘ 2. E:;reell_nan Foundry well, Joplin. Analyst, Cleveland and Millar Analytical Labora-
ory, Joplin.

3. Well on Missouri Lead and Zinc Company’s land, Joplin, taken when well was 940
feet deep. Analyst, Cleveland and Millar Analytical Laboratory.

4, Well on Missouri Lead and Zinc Company’s land, Joplin, taken when well was 1,337
feet deep. Analyst, Cleveland and Millar Analytical Laboratory. .

5.‘)Wéell on Missouri Zinc Fields Company’s land, Webb City. Analyst, W. Geo. Waring,
Web! ity.

6. Well on American Zinc. Lead and Smelting Company’s land, Carterville. Reference:
Water-Supply and Irrigation Paper No. 102, U, 8. Geol. Survey, 1904, p. 405.
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Location.—The locations of the deep wells in the district are as
follows:

Carthage: Well at Harrington dairy, just east of the city (2,005 feet in depth,
the deepest in the district) ; Independent Powder Works well (746 feet deep),
3 miles southwest of Carthage.

Webb City: Wells at the ice plant, at the power house of the Southwest
Missouri Electric Railroad Company (826 feet deep). and at Ilarrod Brothers’
meat market (825 feet deep).

Wells on mining tracts southeast of Webb City: Center Creek Mining Coin-
pany (827 feet), Missouri Zinc Fields Company (854 feet), [Homestead Lead and
Zinc¢ Company (650 feet). American Lead, Zinc and Smelting Company (799
feet), Eleventh IHHour Mining Company (1,000 feet), Troup Mining Company
(998 feet), and Ten O’'Clock Mining Company (537 feet).

Carterville: Well at Bryant's Iron Foundry (643 feet deep).

Duenweg: Boston-Duenweg Zine¢ Company's land (475 feet deep).

Joplin: Keystone Iotel, ;. H. Redell's bhrewery (1379 feet). ice plant,
Freeman Foundry and Machine Works (908 feet), Missouri Lead and Zinc
Company's land (1387 feet).

Chitwood : United Zine Companies’ land (800 feet).

Galena: Ice plal'lt (972 feet) ; a second well not used.

Empire: City well (1,002 feet deep) furnishes water for town supply.



WATER RESOURCES OF THE WINSLOW QUADRANGLE,
ARKANSAS.

By A. H. Purvue.

LOCATION AND AREA.

The area included within the Winslow quadrangle lies mainly in
the western part of Arkansas. [ts southern border is but a short dis-
tance north of Arkansas River, and its northern border is + miles
south of the city of Fayetteville. Tts boundaries are the parallels

35° 307 and 36° north latitude and the meridians 94° and 94° 30
west longitude. It is about 28 miles wide from cast to west and 34
miles long, covering an area of about 968 square miles. Of this
something like 22 square miles is in Indian Territory.

TOPOGRAPHY OF THE AREA.

In the north-south direction the area extends entirely across the
highlands known in Arkansas as the Boston Mountains, and includes
some of the highest points of that elevation. The northern three-
fourths of the area is essentially a plateau with a slightly curved
surface, the highest part extending east and west in about the lati-
tude of the town of Winslow. This plateau is deeply cut into by
numerous valleys, the main ones of which run north and south.
These, with their tributary side ravines, cut the region up into steep-
sided hills with tops from 500 to 1,000 feet®above the streams below,
from which the adjacent hills and valleys present imposing land-
scapes. The highest of these hills—the one on which the village of
Sunset is located—is near the eastern border of the area and 1S some-
what more than 2250 feet above sea level.

From the highest part of the region the surface falls off gradually
to the south, so that while the southern part is rugged, the maximum
elevation along this border is only about 800 feet above sea level.

DRAINAGE.

About one-sixth of the arca, located in the northeastern part of the
dguadrangle, drains northward into White River; the remainder
drains into the Arkansas. The water divide extends from the eastern
border of the quadrangle through the town of Winslow, and then runs

84
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northward a few miles west of and roughly
parallel with the St. Louis and San Francisco
Railroad to the north border of the quadrangle.

While the rainfall is considerable, the short
distance on either side of the divide to the bor-
ders of the area prevents the occurrence of
large streams., though there are many that have
a constant supply of water. which, when the
streams are at low stage, is very clear from fil-
tering from pocket to pocket through the
eravel of the stream beds.

The drainage into White River passes north-
ward throngh Middle Fork aud West Fork of
White River: that into the Arkansas passes
northward and westward through the Illinois
and its tributaries, and southward through Lee
Creek, Frog Bayou, Mulberry River, and their
tributaries.

TROLOGY.

The rocks of the region are of Carboniferous
age, and consist of limestones, sandstones, and
shales.  The limestones are confined to the
northern two-thirds of the area. Thev outerop
on the hillsides of the north stope of the Boston
Mountains, and are exposed in the deepest ra-
vines of the south slope as far south as the
latitude of Porter, on the St. Louis and San
Franciseo Railroad.

An idea of the stratigraphy and structure of
the region can be had from fig. 14. The rocks
dip gradually to the south, except in the lati-
tude of Porter, where there is a marked east-
west monocline with a south dip. causing all
the rocks that lie below the Winslow to pass
out of sight below that formation.

North of the monoeline is a sertes of east-
west faults, which are pronounced in the west
half of the quadrangle. The downthrow of
these faults, one of which is shown in the sec-
tion, is on the north side.  Also, there 1s a fault
several miles long, with the downthrow on the
east side. following the valley of Cove Creek.
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The following rock formations, named from above downward,
occur in the region: Winslow formation, Kessler limestone lentil,
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coal-bearing shale, Brentwood limestone, Hale sandstone member,
Pitkin limestone, Wedington sandstone, Fayetteville shale, Boone

chert.
WATER RESOURCES.

Springs and wells—Of the above formations, four—the Boone, the
Pitkin, the Hale, and the Winslow—are important water producers.

The Boone consists largely of gray limestone, containing a large
amount of chert in thin lenses parallel with the beds. This 1s the
surface rock about Prairie Grove and Summers and north of Mor-
row, in the valley of Prairie Fork of Illinois River. Its presence
beneath can usually be determined by the occurrence of loose chert
fragments on the surface. DBoth the chert and the limestone of this
formation are much fractured and jointed, making it an easy mat-
ter for water to gain access to and pass through it.  As a result this
formation contains a large amount of excellent water; but because
of the level character of the region over which it is the surface
rock, only a few springs emerge from it, and in order to secure water
it 1s necessary to sink wells.  In the town of Prairie Grove is an excel-
lent spring from this formation. and there is another 11 miles east of
the town.

The Pitkin is a gray, compact limestone from 15 to 40 feet thick,
resting upon a bed of shale. It outerops all along the north slope
of the Boston Mountains and in the deepest valleys of the south slope
in the western half of the area. The shale beneath holds the ground
water up in the limestone, through which it'moves along the joints
as small, underground streams, and issues here and there in strong,
beautiful springs. The springs at Boonsboro come from this lime-
stone, and there are numerous others along its northern outcrop.
Likewise there are many springs flowing from this horizon on the
south slope where 1t is exposed in the ravines, such as Cove Creek,
Low Hollow, Garrett Hollow, Whitzen Hollow, and Mountain Fork.

The Hale sandstone consists of about 100 feet of caleareous sand-
stone interbedded sith limestone. The sandstone usually contains a
great many cavities the size of hen’s eggs and smaller. “Like the Pit-
kin, this formation outcrops all along the north slope of the Boston
Mountains and in the deep ravines of the south slope. DBeing thick
and of an open, porous nature, it forms an excellent water reservoir,
from which a large number of fine springs issue at frequent inter-
vals along its outerop.

The Winslow formation, which occupies the tops of the Boston
Mountains, and is the surface rock over nearly all the south half of
the quadrangle, consists of several hundred feet of alternating beds of
sandstone and shale. Springs occur on the hillsides of the north
slope, but they are of minor importance, both in size and number.



PURDUE.] WINSLOW QUADRANGLE. 87

However, the Winslow sandstone furnishes water in abundance
from wells of moderate depth, even on the summits of the highest
hills.  Over the area where this is the surface rock wells are relied
on almost wholly for culinary and drinking purposes. In the ravines
of the south slope occasional springs issue from sandstone, which
owe their existence to the general south dip of the rocks. Of such
are Dripping Springs, at Stattler; Oliver Spring, 2 miles west of
Rudy; the spring at Dean Spring; Fine Springs in sec. 18 and a
spring in sec. 8, both of T. 10 N., R. 30 W.; springs in secs. 17 and 33,
T.12 N, R. 29 W_; springs in secs. 2, 13, 14, and 15, T. 11 N, R. 29
W.; a spring in sec. 33, T. 12 N, R. 31 W.; and one in sec. 11, T. 10
N, R. 31 W.

Nature of the water—All the water from the limestone beds is
clear, cold, and sparkling, and is unsurpassed in purity among
natural waters.  As would be expected, that issning from the Pitkin
limestone is hard, being heavily charged with lime. That from the
Boone chert and the Hale formations, while hard, does not contain
as much lime as that from the Pitkin, owing to the large amount of
sillea in these formations, in the one case as chiert and in the other ag
sandstone. The water in the Winslow formation is soft, coming as
it does from sandstone.

Mineral springs—In sec. 32, T. 11 N, R. 32 W, 1} miles northeast
of Uniontown, is a spring strong in sulphur, which has been inclosed
and is locally nsed for medicinal purposes. It issues from the Win-
slow. .\t Sulphur City. in the northeastern part of the quadrangle,
a spring of similar nature issues from the Wedington formation and
gives rise to a local resort. So far as the writer knows, no analysis
of either of these springs has ever been made.

Uses of the water—The city of Fayetteville receives its water
supply from West FFork of White River, the water being pumped 2
miles into a reservoir on a hillside overlooking the place. Aside
Trom this, practically no use is made of the water of the area except
for domestic and stock purposes. The gradient of the streams is
considerable, and in some places power might be secured to run small
mills, but it is not so utilized, probably owing to the fact that it
could not be relied upon during the low water.

The southern part of Frog Bayou valley is coming to be generally
utilized for the culture of fruit and vegetables, and it appears
wholly practicable for the water of that stream to be used for irri-
gation purposes, thus insuring the crops against droughts, which are
not infrequent. Even during seasons of average rainfall, such use
of the water would yield sufficient returns in the way of increased
production and improved quality of fruit to justify the expenditure
for irrigation ditches. The same could be said of the valley of Lee
Creek, were 1t supplied with transportation facilities.



WATER RESOURCES OF THE CONTACT REGION BETWEEN THE
PALEOZOIC AND MISSISSIPPI EMBAYMENT DEPOSITS IN
NORTHERN ARKANSAS.

By A. H. Purous.

GENERAL STATEMENT.

The area treated in this paper consists of a belt of land from 12
to 15 miles wide lving along the western border of the lowlands north
of Arkansas River and also of a narrow belt of the highlands
adjacent.

The field work was done in August and the carly part of Septem-
ber, 1903. The object was to map the contact between the highlands
and the lowlands in that part of Arkansas north of Arkansas River,
ascertain the stratigraphic relations between the rocks of the two
areas, determine the water horizons and the sources of water in each,
and solve such other economic questions as the depth, amount, perma-
nency. and character of the water.

The work was less thorough than 1s to be desired, made so by the
short time at command, the want of good maps, the uncertain loca-
tion of the roads in the forest-covered portion, the sparse population
of some parts, and the fact that much of the population consists of
tenants who are unable to give the necessary land descriptions to
enable one to map with accuracy. For these reasons future workers
may change somewhat the mapping of the contact between the Paleo-
zoic and Tertiary areas. However, such inaccuracies as may exist
are but small ones, and the mapping herein presented can be taken
as correct for all practical purposes.

GEOGRAPHIC FEATURES.

TOPOGRAPHY OF THE LOWLANDS.

The lowlands of Arkansas lie in the eastern and southern parts of
the State and comprise about half its area. They are a part of a
lowland area of vast extent lying within the Gulf States and reach-
ing northward to a point a short distance beyond the junction of Ohio

88
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and Mississippi rivers. The region they cover is known to geologists
as the * Embayment Area,” and represents the extent of the Gulf of
Mexico during Tertiary times.

An idea of the hypsometry of the lowlands may be obtained from
the following table of elevations along the St. Louis, Tron Mountain
and Southern R "way, beginning at the northern border of the
State and extending southward to Arkansas River. In the prep-
aration of this table the railway line “ was tied up and adjusted to
the line of precise level brought up from the Gulf of Mexico by the
United States Coast and Geodetic Survey.”

Elevations along St. Louwis, Iron Mountain and Southern Railway. Arkansas.

Station. Etligﬁl' Station. Iﬂg};a—
Moark ... ... ... J|297.10 t Grandglaise. . _______________ 223.10
Corning ... .. ___._ 289.10 | Bradford . .. ___________. 241.10
Colony Lake .. .......__... 282.60 | Russell __ .. ___.____._ . ____ | 233.10
Black River ... ... ______.. 288.10 i Bald Knob _.__.._.___.______. 220. 10
Knoble . . _______._ ___...| 280.10 | Judsonia ... .. _.___ _._. 217.10
Peach Orchard ... ___._._.._ .| 285.10 | Little Red River . _._.___ .. LooRIT10
Delaplaine .. _______ .. 277.60 | Kensett . ... .. ... ... 924,10
OKean ... __ D 270.60 | Higginson.._ ... ... .. ___ 220. 10
Murtha .. . . ... 270.60 | Garner... ... ... Ceeoo.| R20.60
Walnut Ridge . ... .. . ____ 270.10 | Beebe ... .. ____ ... ___ 244. 60
Hoxie ... .. .. ... 268.10 | Ward ... .. _..___._.__.. _ 238.10
Minturn ... . ___. 260.60 || Aastin ... ___.___.____.______| 248.10
Alicia _.____ ... ______. 253.60 ' Cabot . ... .. ___________ 288. 10
Swifton .. ... ... ___. 248.00 Holland ... ... ______._. .| 255.10
Tuckerman ... ... ... ____ | 241.60 Jacksonville.._._______.._____ 282.10
Diaz. ... 930.10 = MecAlmont . .........._ .. 271.00
Newport .. __._ .. . .. __.... «227.10 Baring Cross _.. ___.__..____ : 260. 10
‘White River bridge . ... ... .. ‘ 232.70 | Arkansas River bridge . ...  267.10
Olyphant _________ _ ___. o] %R0.10 ‘
I

2 The track has been raised at Newport, but it is not known how much. Levels from
Ton of Hive rail ‘onpociie the end of ‘the bassenser Station Sha 07, (C clevator make the

It will be seen from an inspection of this table that the elevation
of the surface is remarkably uniform.. The average elevaiion of all
the stations given is 261.18 feet; that of the highest, Moark, is 297.10
feet; that of the lowest, Judsonia, is 217.10 feet. Notwithstanding
this close approach to a uniformity of level, this line, if taken alone,
would give an exaggerated idea of the topography of the region, for,

¢ From Ann. Rept. Geol. Survey Arkansas, 1891, vol. 11, pp. 103-104.
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running as it does near the contact of the lowlands with the high-
lands, it varies more from uniformity than would be the case along
a north-south line farther eastward. Taken as a whole, there is a
slight but gradual fall of the region from the north toward the
south, and in the southern part of it from the west toward the east.
The small irregularities of the surface that are usually met with
are such as have resulted from the formation of natural levees along
the overflowing streams and the meandering of such streams.

The only place within the region where there is any approach to
marked topographic features is in the southern part, where there is
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a small area of irregular outline a mile east of Jacksonville. North
of this, and separated from it by Bayou Two Prairie, is a larger
area of the same sort, about 10 miles in length and averaging 2 in
width, the northern end being just east of the town of Austin. Each of
these elevations is about 350 feet above sea level, or 100 feet higher
than the surrounding country.

TOPOGRAPHY OF THE HIGHLANDS.

In marked contrast to the monotonous level of the lowlands is the
rugged topography of the adjacent highlands. For the purpose of
description this will be considered in two parts—that north and that
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south of White River. The former is essentially a plain with a
maximum elevation of about 400 feet within the area herein con-
cidered, dissected by Dota Creek, Bayvou Curia, Strawberry River,
Eleven Points Creek, Fourche de Mas River, and other small streams
debouching upon the lowlands. '

The southern part rises quite rapidly from White River to an
elevation of about 800 fect above tide, south of Batesville, and then
gradually falls off southward as a dissected, sloping plain, to near
the latitude of Beebe, southward from which point the plain is suc-
ceeded by a series of east-west ridges, in height from 150 to 250 feet
above the surrounding country. This region, like the one to the
north, is dissected by numerous streams which flow in a general
southeasterly direction and pass out upon the lowlands. Among
these are Bull Creek, Bayvou des Are, Little Red River, Glaise Creek,
Oats Creeck, and Departe Creek.

Throughout the entire contact of the highlands with the lowlands,
except in small portions of the southern part, the latter abut against
an escarpnient of the former, so that the line of contact is pronounced.
Between the ridges of the southern part the lowlands pass so grad-
ually into the highlands that it is not always an easy matter to
determine where to map the contact of the two. But the ridges
bounding the valleys are always truncated at the ends, standing up
promontory-like, leaving no doubt as to the line of contact.

DRAINAGE OF THE AREA.

The principal stream of the region is White River, which receives
from the west Bayou Meto, Bayou des Are, Little Red River, Glaise
Creek, and Departe Creek; from the north, Village Creek and
Black River. The latter has two important tributaries—Spring
River. emerging from the highland area, and Current River, which
flows southward neéar the contact of the highlands and lowlands.

As would be expected from the low altitude of the lowlands, the
valleys therein extend scarcely beyvond the stream borders, and the
height of the banks above the stream surface seldom exceeds 20
feet, even at low-water stage. (Pls. I, IT, and IIL.)

GEOLOGY OF THE LLOWLANDS,
HISTORY.

PRE-TERTIARY CONDITIONS.

The geologic history of the lowlands antedates the period when
the Gulf of Mexico covered the Embayment Area. Previous to
that time a great valley had been eunt into the Paleozoic rocks by
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stream erosion, probably aided by faulting.® This valley was
bounded on the west by the present highlands of Arkansas and
Missouri and on the east by the similar highlands of Kentucky and
Tennessee, and was several hundred feet deeper than the present
surface of the Embayment Area. The edges of the Paleozoic rocks
were exposed all around the borders of this old valley, just as their
upper parts are now exposed above the lowlands.

Following the formation of the valley there came a subsidence of
the area, permitting the waters of the Gulf to extend northward to a
point a short distance beyond the present junction of Ohio and Mis-
eissippi rivers. This extension of the Gulf took place in late Cre-
taceous times. During this time material was carried by the streams
from the surrounding land areas and spread out over the bottom of
the Gulf. The deposits formed at this time are of late Cretaceous
age, and now lie buried beneath the younger ones to be considered
later.

The character of the Cretaceous deposits within the area herein
considered can not be definitely stated, but they probably consist
largely of sand, clay, and marl. such being their nature farther south
in the Embayment Area.

TERTIARY CONDITIONS.

Following the deposition of the Cretaceous strata, there came an
increased subsidence of the area) and as a result the borders of the
Gulf were somewhat extended landward beyoud those of late Creta-
ceous time. During this time material continued to be washed in
large quantities from the land thereabouts and spread out over the
Cretaceous deposits, resting against the edges of the old rocks around
the border. This was during early Tertiary time, and the material
deposited is of Tertiary age. As the region stood at a lower level
during early Tertiary time than during late Cretaceous time, the
Tertiary deposits therein lap farther over on the Paleozoic rocks than
do the underlying Cretaceous.

POST-TERTIARY CONDITIONS.

The period of embayment, and consequently of deposition, was
brought to a close by the elevation of the region, causing the Gulf to
retreat southward and Mississippi and Ohio rivers to extend them-
selves over the newly formed Tertiary deposits.

« Branner, J. (., Am. Jour. Sci., vol. 4, 1897, pp. 3537-371.
b Harris, G. D., Geol. of Louisiana, 1902, p. 7.
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long to the deposits known as “ Orange Sand,” “ La Fayette forma-
tion,” or any of the terms employed to designate similar deposits
within the Embayment Area, the writer is not prepared to say. But
the large quantity and size of the cobblestones, the fact that so great
a percentage of them has been derived from the Paleozoic rocks on
which they rest, and their general distribution along the Paleozoic
escarpment argue against a fluviatite and for a marine origin of
them. Whatever may have been their origin, it is certain that these
gravels have suffered great change since their original deposition in
all places where streams could get hold of them. Fine examples of
this may be seen along the streams that are crossed in driving from
Sulphur Rock to Newark. The large deposit of gravel on which
Newark stands is probably of this worked-over material.

ROCKS.
TERTIARY.

The recent deposits of the lowland area rest upon deposits of the
Tertiary period, this being represented by the Eocene rocks, the
lowest and oldest of its series. The lowest division of the Focene is
the Midway, with which Doctor Harris has classified the limestone at
and about Grandglaise.® By referring to the section, fig. 17, p. 94,
it will be seen that this imestone lies in a horizontal position, and at a
higher level than the Recent deposits to the east. That it does not rep-
resent the base of the Tertiary is shown by the occurreuce of lignitic
beds at Newport, about 11 miles distant, beneath which no hmestone
has been reported.

CRETACEOUS.

The most northern point within the area from which Cretaceous
rocks have been reported is at Beebe, where Doctor Harris notes fos-
sils of this age, taken from beneath the Tertiary in a well.” But that
Cretaceous rocks extend over the whole of the area appears certain
from our present knowledge of its history, according to which there
was a subsidence at the close of the Cretaceous,” permitting the de-
posits of that age to be covered by those of Tertiary age.

In the absence of fossils from the deep wells of the region, and
because of the similarity of the lower part of the Tertiary and the
upper part of the Cretaceous, we are unable to determine the thickness
of the latter. One mile southwest of Newport, in sec. 10, T. 11 N.,
R. 3 W, there is a drilled well, 1,000 feet deep. the deepest in the area
studied, in which the following section is reported :

@ Op. cit.
b (zeol. of Arkansas, 1892, vol. 2, pp. 10-11, 184,
¢ Harris, G. D., op. cit,: also, Geol. of Lioujsiana, 1902, p. T,
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ring in the wells at Walnut Ridge, Hoxie, and Alicia represents the
lower limit of the Recent deposits, these deposits are about 50 feet
thick at the first two places and about 60 feet thick at the third. The
assumption that this gravel represents approximately the base of the
Recent deposits 1s supported by the section at Augusta, in which there
is reported 100 feet of sand and clay resting upon a thin bed of clay,
which in turn rests upon a bed of gypsum. (Fig. 18.)

There can be no doubt but that in this case the 100 feet of sand and
clay are of Recent age. The thickness of the Recent deposits is shown

Feet 2701
0 -

240

I'te. 18.—Well sections. 1. Well of Trumbull Wagon ('o., Walnut Ridge; 2, well of the
Iron Mountain Railway Co., lloxie; 3, well of the Southern Cooperage Co., Minturn; 4,
well of A. W. Shirrey, Minturn; 5, well of Iron Mountain Railway Co.. Alicia; 6 and
7, wells of Campbell & Vinson, Augusta. Figures at top show the surface elevations
of the near-by railway stations.

also in the section of the deep well at Newport, described later, where
105 feet of sand and clay, mainly sand, are reported as resting on
“ soapstone.” The sand and clay in this case are of Recent age.
Gravels—All along the Paleozoic border and lying upon the slopes
of the escarpment above the Tertiary there are deposits of gravel and
cobblestones of all sizes up to 6 inches or more in diameter. They are
well rounded and have been derived largely, if not entirely, from the
Paleozoic area adjacent to the Tertiary. In places they are cemented
into conglomerate. The altitude of their upper limit is about 500 feet
above sea level, or from 250 to 275 feet above the present level of the
Jowland area, As to whether these gravels are of Tertiary age or be-
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by Bayou Two Prairie. With the exception of a bed of thinly lami-
nated sandstone near the top of the ridge, rarely exceeding a foot in
thickness, the material of these elevations is unindurated. Tt is,
however, of an open, clayey nature, and has the power of standing
unsupported in vertical walls for years.

Grandglaise area—Another erosion remnant of Tertiary rocks
lying along the western border, extending from Coffeyville southward
{o Bradford, is herein designated the Grandglaise area. The rocks
of this area consist of indurated material, varying in character from
a rather sandy limestone to one of comparative purity, most of it
being quite fossiliferous. The beds lie in a horizontal position
against the old Paleozoic rocks and oceupy the narrow strip between
the Iron Mountain Railway and the highlands.

Their greatest height is about 100 feet above the lowlands to the
east. This limestone is mentioned by Dr. G. D. Harris,” and is classi-
fied by him as belonging to the Midway or lower stage of the Eocene
Tertiary.

Grandglaise
S
(/A
Terti
6\9 ertiary RILIRSEALIS:
: Recent
Vertical scale
o 100 200 300 feet
[ i A 1 J
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[} 400 800 yards

L L 1 1 It

Fic. 17.—Section at Grandglaise, Ark, 1w, Well; s, spring.
DEPOSITS.

Sand and clay—The lowland area, aside from the erosion remnants
mentioned above, is covered with Recent river deposits consisting of
sand and clay. Much the greater part is sand. Where clay is re-
ported it 1s usually near the surface. In places there are as many as
three thin beds within 40 feet of the surface. These beds are of un-
certain extent, apparently occurring as lenses in the sand.

The number of deep-well sections is so limited as to make it impos-
sible to ascertain the thickness of the Recent deposits over much of
the area; but they of course vary with the topography of the old val-
leys before the filling began. On the supposition, vet remaining to
be confirmed, that the gravel mentioned later in this paper as occur-

o Geol. Survey Arkansas, 1892, vol. 2, p. 24.
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EROSION.

Crowleys Ridge—At this time the Mississippi flowed to the west of
what is now Crowleys Ridge and the Ohio to the east of that area.
Each of these streams wore away the Tertiary deposits to considerable
depths, cutting out a wide valley and leaving Crowleys Ridge® as a
remnant of the bed which, before the erosion took place, extended west-
ward to the Arkansas highlands and eastward to those of Kentucky
and Tennessee.  According to Professor Branner, the height of Crow-
levs Ridge in Arkansas is © about 350 feet above the present tide level,
120 feet above the lowlands to the east and west.”  According to Pro-
fessor Marbut. as indicated by the topographic map acconpanying his
paper, 1t reaches in Missouri the height of 600 feet, or 280 feet above
the Iowlands.

The thickness of 120 feet in Arkansas and 280 feet in Missouri
does not indicate the total amonnt of erosion. for while the valleys to
the east and the west of the ridge were being formed the top of the
ridge itself was suffering erosion. Just how much of it was removed

Sand-hill area
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Fia. 16.—Section from Austin to Ilickory Plains. Ark., across the Sandhill area. u, Well.

is not known. Iurthermore the valleys on either side of Crowleys
Ridge were once deeper than now, having been partly refilled by
river deposits: so that a large part—indeed. most—of the material ac
and near the surface of the lowland area is of Recent age. The total
amonnt of erosion would be measured by the vertical distance between
the base of the Recent deposits and the original -surface of the
Tertiary.

Sandhill area—As above stated, Crowleys Ridge is a remnant
of the formerly widespread Tertiary rocks. The ridge mentioned
under the head = Topography of the lowlands,” extending southward
from the town of \ustin. is locally known as the Sandhill, a name
adopted here for want of a better. This ridge also is an erosion
remnant of Tertiary rocks, similar to Crowleys Ridge. As the name
implies, the soil is sandy. The other small hill east of Jacksonville
is of the same origin and character as this, having been cut off from it

¢ For the history of Crowleys Ridge see Branner. J. C., Geol. Survey Arkansas, 1889,
vol. 2, preface. pp. xiii, Xiv; also Marbut, C. F., The evolution of the northern part of the
lowlands of southwestern Missouri: Univ. of Mo. Studies. vol. 1, No. 2. 1902.
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then either at the ground surface or above it, in the latter case pro-
ducing ponds. Or there may be a zone of rock in which there is but
little water, this zone being bounded by the ground surface above and
the water surface below; such a zone varies in thickness in different
localities and in the same locality with the wet and dry seasons.
Wells sunk into the ground below the water table fill up to it.
Streams that have cut their valleys below the water table drain off
the ground water, which issues as seeps and springs.

In a region like the lowland area of Arkansas, where the surface is
level and the material constituting the sediments is loose and sandy,
the water table is well defined and is practically parallel with the
surface. But in a hilly region of consolidated rocks it is usually
poorly defined and conforms to the surface only in a general way.
Usually it is farther from the surface on the hills than in the val-
leys; so that, as a rule, wells on hills are of necessity deeper than
those in adjacent valleys.

The amount of water that a formation contains depends upon a
great many things, among which are its thickness, porosity, relation
to other beds, and the amount and time distribution of the rainfall.
It goes without saying that if all else is equal a thick formation is
a better source of water than a thin one; also that a porous formation
is a better water producer than a less porous one. Sandstones and
pudding stones contain a great deal of water under favorable condi-
tions; loose sand and gravel contain more; shale and clay, being close
textured, neither hold much nor permit the passage of much through
them.

Limestones are usually compact in hand specimens, but in the beds
they are jointed, the joints frequently having been greatly enlarged
by the solvent_power of the water that finds its way through them.
So that a formation of limestone resting upon a bed of shale is
almost certain to be, as in the case of sandstone similarly situated, an
important water producer.

UNDERGROUND WATER OF THE HIGHLANDS.

As already stated, the rocks of the Paleozoic area consist of a great
thickness of Ordovician limestone, upon which is superimposed, in
the eastern part of the area, sandstones, shales, and limestones aggre-
gating 1,100 feet or more in thickness. Among these rocks along the
eastern border there are four important water horizons.

ORDOVICIAN.

The lowest of these in the geologic column is in the great deposit
of Ordovician limestone which is spread over a considerable area in
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the northern part of the State. As the topography of this region is
somewhat old, the former steep slopes having been worn off into more
or less rounded ones, and as the rocks themselves are considerably
fractured along lines of folding, permitting the water to enter, the
conditions are such as to result in a considerable supply of ground
water. .

This water issues as springs along those courses where denudation
has brought the stream valleys below the ground-water level. Wells
are not uncommon, but, as the water table s frequently some distance
from the surface on the divides between the streams, cisterns are fre-
quently resorted to for water supply. An additional reason, how-
ever, for the use of cisterns is found in the fact that the water of this
region, moving as it does almost entirely through limestone, is very
hard.

The most common method of sinking wells in this horizon is by
digging and blasting, but drilling is sometimes resorted to. It will
be remembered that in the quest of water in limestone, success
depends upon striking a water-producing fissure, the stone being so
compact as to prohibit water from moving through it except along
lines of fracture. In so far as the chances of striking a fissure are
increased by increase of well diameter, blasting is the most promising
method; but, on the other hand, the chances of striking a fissure are
ereater mn a deep well than in a shallow one, and as the cost of drill-
ing is much less than that of blasting, the former method is advisable
in most cases. KEspecially is this trué when the sanitary advantages
of a carefully cased drilled well over an open one are taken into con-
sideration.

CARBONTFEROTUS.

Boone formation—The next water-bearing stratum of importance
in the eastern part of the Paleozoic area is in the Boone formation.
The great thickness of this, together with the much-fractured char-
acter of its chert and the jointed structure of its limestone, combine
to make it the most important water-bearing formation in the Paleo-
zoic region of northern Arkansas. Where this is the surface rock,
the limestone of the upper part has been removed by solution, but
the insoluble chert is left as a residue upon the surface, in many
places several inches thick. In such places this chert débris largely
reduces the run-off and by so much adds to the ground water. The
large number of joints in the limestone permit the water to descend,
and the fractured nature of the chert lenses allows it to be freely
transmitted horizontally.

Along the courses of the streams which have cut their channels
into this chert below the water table issue many strong, beautiful
springs, and, except on the high divides, an abundance of water can
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be secured from it by digging wells. As a large part of the forma-
tion is chert and practically insoluble, the water is not particularly
hard.

Batesville sandstone.—The DBatesville sandstone, lying between
the Moorefield shale below and the IFayetteville formation above, is
a water-bearing horizon of much importance. This formation at
Batesville is about 100 feet thick. It is the surface rock over a con-
siderable area, and being of a porous nature, collects a great deal of
water which is retained because of the thick bed of impervious shale
beneath. Within the area of the Batesville sandstone that formation
furnishes practically all the water that is used. Tt was the source
of the water supply at the city of Batesville before the water plant
was Installed there. Wells sunk almost anywhere in this rock fur-
nish water, and springs emerge from it along the stream valleys.
The water is soft and well adapted to domestic uses.

Pitkin (Archimedes) limestone.—The next water-producing stratum
of importance is the Pitkin limestone. This formation lies at the
top of the Fayetteville shale (fig. 20) and beneath several hun-
dred feet of sandstone and shale. It is considerably jointed, and
this fact together with its stratigraphic position makes it an impor-
tant spring horizon. Its jointed nature permits it to receive the
water that comes from above, which the impervious Fayetteville
formation prevents from escaping below, so that springs are com-
mon at the base of this formation on the hillsides where it outerops.
As might be expected, the water is hard.

Morrow formation (Boston group) and Coal Measures—Along the
eastern border of the Paleozoic area there are 400 feet of sandstone
and shale, with some limestone, above the Pitkin limestone. In this
there are several water horizons of minor importance. Near the top
of the Boston Mountains the sandstone becomes coarse grained, even
approaching a conglomerate. This coarse character of the rock
makes it a good water producer, and wells are common even on the
highest parts.

UNDERGROUND WATER OF THE LOWLANDS.

ORIGIN OF THE WATER.

The ground water of the Arkansas lowlands has three sources:
(1) That which sinks directly into the ground from the rainfall;
(2) that which leaks from the streams flowing from the Paleozoic
region; (3) that which leaks from the truncated edges of the
Paleozoic rocks.

Rainfall—Though no data is at hand by which the amount sup-
plied from each of these sources can be approximated, there is hardly
a doubt but that the principal source is the first one mentioned. The
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average annual rainfall, according to the records kept by the United
States Weather Bureau at Newport, extending over several years,
is about 48 inches. The extremely level surface, the open, sandy
nature of the soil, and the large amount of sand in the recent
deposits are all conducive to a small run-off and a large amount of
ground water. While a large portion of the surface of the lowlands
i1s of a clayey nature, it is sufficiently porous to permit the water to
pass through it into the sandy beds below. That portion of the area
from Newport northward and extending westward to Black River
is verv sandy. There is also a great deal of sand between Newport
and Augusta east of White River. This surface sand serves as a
collecting reservoir in which the rain water is held while it slowly
sinks into the strata beneath.

Stream leakage—The amount that is supplied by stream leakage,
while problematical, is doubtless large. It is a matter of common
observation by those who live near the principal streams that the
wells rise and fall with the fluctuations of the streams. If the
statements of the people can be relied upon, wells situated several
miles from Black River and White River are thus affected. The

F16. 24.—Diagram showing the infiltration of water from a stream into adjacent sandy beds.

reasons for this will be made apparent by reference to fig. 24. The
unconsolidated and usually sandy nature of the material permits
the free movement of the water either toward or away from the
river, according to the slope of the water table. WWhile the river is
at the height @, and above the general level of the ground water, the
movement will be from the river outward. During such times an
enormous amount of water is contributed by streams to the region
on ecither side. When the level of the stream is at &, below the
general level of the ground water, the movement is toward the
stream, which is then changed from a source of supply to a line of
drainage; but as the surfaces of the main streams are seldom more
than 20 feet below the country on either side, the zone which they
can at any time drain is limited to a depth of only a few feet from
the surface, represented by the line ab.

Leakage from the Paleozoic rocks—The amount of water supplied
by this source, while probably smaller than that from either of the
others, must be considerable. The edges of the Paleozoic rocks are
truncated to a considerable depth, and the loose deposits abut
against the truncated edges. (See figs. 16, 17, 21, 23, and 25.) With
this in mind, also remembering that the Tertiary-Paleozoic line of
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H. F. Close, of Bismarck, Mo. Into a piece of pipe of the desired
size is fastened a triangular bit, as shown in fig. 30. .\ cap is screwed
onto the upper end of the pipe, to which is attached a hose with
swivel, permitting the pipe to be turned, auger-like, by a hand lever
attached to the top. by which process the bit cuts down through the
loose material. At the same time water is forced through the hose
and down the inside of the pipe by a steam pump. thus moving
the material loosened by the bit and carrving it upward around the
outside of the pipe to the surface. By this method it is claimed a
well can be sunk at the rate of 12 or 15 feet an hour.

CAPACITY OF WELLS.

The amount of water that can be supplied by almost any well
within the lowland area is limited only by the capacity of the pipe.
When a great amount of water is needed, either a large pipe is used
or the number of wells is inereased until the desired amount is

F1¢. 30.—Diagram showing an ingenious method employed in sinking deep wells.

secured. An idea of the amount of water available within the region
can be secured frow the following table of so-called deep wells:

Deep icells in northern Arkansas.

. un
Place. ‘[ Owner, Depth. 2‘{;‘;] 5}?::1?%:;%
‘ Feet. |Inches.| Gallous.
Walnut Ridge .. _ Trumbull Wagon Co___ ... __ . | 61 6 104,000
Hoxie .. .. . _. Iron Mountain Rwy. .. .. ... ____. : 62 10 43, 000
Minturn _...__.. .. Southern Cooperage Co _ ._.___.__._.." 60 14 30.000
Alicia. ... . ! Iron Mountain Rwy. .. . . ____ [E 6 | 9,000
Newport - ... ...... Newport Ice and Cold Storage Co__.. 97 6 | 40,000
Higginson_..._..... Iron Mountain Rwy.__... .. .. __ _ 68, 12 30.000
Augusta ... ______ Campbell & Vinson . .. . _____ 100 6 l 50,000
Argenta. ... __..___. Buckeye Cotton Oil Co . .. .. ____ ‘ W 6 €3]
|

Do.__..._...._. Rose City Cotton Oil Co ... _.____ 60 | 6 \ 10, 000

o Per hour. b Water supplies oil plant.
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It is probable that the figures showing the amount consumed rep-
resent but a small part of the capacity of the well in each case, for
1t is invariably reported that the amount used lowers the water very
little. The well supplying the railroad tank at Alicia has a capacity
of 9,000 gallons an hour, and the pumper thinks this supply would be
kept up even with constant pumping.

The great capacity of these wells is due to the loose and sandy
nature of the material in which the water occurs, and the fact that it
is saturated to within a few feet of the surface. As fast as the water
is removed it is supplied, as the result of easy transmission through
the sandy material and the downward pressure of the column of
water between the lower limit of the well and the ground-water
level. The supply is practically inexhaustible.

PROSPECTS FOR FLOWING WELLS,

The conditions for flowing wells are:

(1) A bed capable of holding and transmitting water. Such a
bed is known as a reservoir. Its capacity for water may result
from loose sand or gravel, porous consolidated rock, or fracturing.
The capacity for water and the ease with which it moves increase
with the open nature of the reservoir.

(2) A confining stratum above the porous bed to hold the water
down and keep it from leaking out. It is necessary for the confining
bed to be composed of close-textured rock, such as shale, clay, or
other fine silts, through which the water can not readily pass.

(3) A head of water somewhere in the reservoir at a higher level
than that of the surface where the well is desired. The minimum
vertical distance that can exist between the water level of the head
and the mouth of the well is determined by the distance they are
apart and the porosity of the reservoir. The farther apart the
greater the minimum difference of elevation between the two. This
is due to the increase of friction with distance as the water moves
through the reservoir. The more porous the reservoir the less will be
the friction and consequently the less the minimum vertical difference
that can exist between the two.

The very small difference in altitude between the highest and lowest
parts of the lowland area preclude the possibility of securing artesian
water from the Tertiary or Cretaceous rocks, even though all the other
conditions were favorable. If flowing wells are songht within this
region, it should be with an understanding that it is necessary to go
through the Tertiary and Cretaceous into the Paleozoic rocks below.

While the securing of flowing wells from the Paleozoic rocks may
not be outside the possibilities, the chances for doing so are slight.
As has been noticed on preceding pages, these rocks contain excellent
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water-bearing formations, and their south dip would bring them, if
the beds were continuous, under the vounger deposits, in which case
the chances of securing artesian water from them should be excellent.
But these beds are truncated to considerable depths, and from their
truncated edges a large amount of water passes out into the younger
rocks, this being one of the sources of the ground water of the low-
lands. It follows that if flowing wells be secured from: these rocks,
it must be from below the level to which they are truncated.

A further fact which is against the securing of artesian water from
the Paleozoic rocks is in the system of east-west faulting, shown in
fig. 20 (p. 101), which probably affects the old rocks beneath the Ter-
tiary and Cretaceous deposits. DBy this faulting all the rocks have
been broken in two along certain lines, and the beds on one side or the
other have suffered vertical displacement, so that the southward move-
ment of the water through the water-bearing horizons is cut off at the
lines of disturbance.

While the securing of artesian water from the Paleozoic horizon
within limited distances from the highland border scems within the
possibilities, the chances are against success.

FI1G. 31.—Well situated near an old slough.

“
SANITARY CONSIDERATIONS IN WELL SINKING.

Location of wells—Too much care can not be exercised in the loca-
tion of wells. Not infrequently are wells located on the borders of
sloughs, the waters of which are stagnant in the summer season and
are heavily charged with organic matter. Fig. 31 shows a well so
situated. While these sloughs are alwayvs lined with very fine sedi-
ment that is largely impervious, more or less water is able to pass
through it into the adjacent sand. The drawing of water from a
well situated as shown in fig. 31, lowering the surface of the water in
the well below that of the slough, mvites the drainage from the
slough toward the well.

In cases where, as a matter of convenience, it becomes desirable to
locate a well near a slough, it should under no cirenmstances be an
open one, and whether drilled or bored should go to such a depth be-
low the bottom of the slough as to be out of reach of the downward-
percolating, organic-charged waters.

When wells furnish water heavily charged with iron and organic
matter the pipe should be “ pulled ” and driven elsewhere. As ex-
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plained in another part of this paper, such water is probably due to
the pipe being driven into a buried slough. Because of the conceal-
ment of the slough the location of govd water can be determined only
by experiment. Usually as good quality of water as the locality
affords can be secured withm a short distance of a well that supplies
water of poor quality.

In no region should wells be located in barnyards or near other
sources of surface pollution, except with intelligent advice. In a
hilly region the surface drainage and stratigraphic conditions may
be such as to permit a properly constricted well to be so situated ; but
in the lowlands of Arkansas, where there is but little, if any, surface
drainage and the soil is porous, permitting the water freely to per-
colate downward, that practice can not be too strongly condemned.
The watering places for barnyard fowls and the wallows for hogs
are often immediately about wells from which water is used for
drinking. Such disregard for sanitary conditions is excusable only
among the most ignorant.

Depth of wells—The usual depth of wells over the lowlands is
from 15 to 40 feet. It might be accepted as a rule that the character
of the water improves with depth, for the greater the distance from
the surface the freer it is from surface contamination. As the sink-
ing of wells within the region is such an easy matter, it would doubt-
less be advisable in most cases not to stop short of 60 feet, and to go
beyond this depth would be better still.

In those cases where water is strongly charged with iron and
organic matter a better quality may sometimes be secured by stopping
short of the organic-charged bed, or, if not by this means, by driv-
ing on through 1t into the sand or gravel beds below.

In a few localities the surface sands are thick enough to form a
permanent reservoir, and in such cases shallow wells ean be sunk,
which furnish soft water of excellent quality when not so situated
as to be affected by sources of surface pollution.

Casing wells—Next to the location and depth of a bored well the
most important thing is the casing. The material most commonly
used for this purpose in the lowlands is wood, evidently with the
belief that the only object of casing is to prevent the well from caving
in.  Another and equally important object should be to keep out the
surface water. For this purpose the wooden casing is wholly 1n-
effective. The chief object of a deep well is to avoid the surface
water, and unless the casing keeps out the surface water a deep well
has no sanitary advantage over a shallow one. Besides, a wooden
casing must in time decay, and by this means enongh organic matter
may be added to the water to produce serious results. The best
casing is galvanized-iron pipe or tile carefully cemented at the joints.
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Open wells.—Open or dug wells should never be used except where
the greatest care is observed in the cleanliness of the surface for some
distance about, and even then they are unsafe, as more or less sur-
face water will find its way into them. When such a well is used
the wall should be of stone or brick and not of wood, as is too often
the case.



WATER RESOURCES OF THE PORTSMOUTH-YORK REGION, NEW
HAMPSHIRE AND MAINE.

By Grorcr Oris SMITH.

INTRODUCTION.

A hydrologic examination of the vicinity of Portsmouth Harbor
was made by the writer in June, 1904. This work was done at the
request of the War Department, and special attention was paid to the
problem of securing satisfactory water supplies for the several forts
at the mouth of Portsmouth Harbor. The geologic conditions which
influence the water resources at these points were studied, and to ob-
tain the best results it was found necessary to extend observations for
about 10 miles northeast along the Maine coast. The results obtained
in this investigation have been reported on in so far as they an-
swered the direct purposes of the examination. The observations
made in the course of this study and the conclusions based thereon are
presented in this paper in view of the relation they bear to similar
hydrologic problems in other parts of the coastal region of Maine.
Elsewhere certain anomalous conditions prevail in the occurrence of
ground water, and while each area may demand its own explanation,
it is believed that the results obtained in the present study may be at
least suggestive in the solution of the problems elsewhere.

The area discussed in this article extends from Portsmouth and
Newcastle, N. H., to York Beach and Cape Neddick, Maine. Aside
from the city of Portsmouth and the various villages in the towns of
Kittery and York, the region has a special importance from the loca-
tion here of the coast defenses and the extensive navy-yvard, as well as
the presence of a large summer population at several deservedly popu-
lar resorts. The question of an adequate and safe water supply thus
becomes a vital one and demands thoughtful consideration.

SOURCES OF WATER SUPPLY.

The present water supply of the Portsmouth-Kittery region comes
from three distinct sources—surface (lake or stream) water, ground
water from surficial deposits, and ground water from rock.

120
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SURFACE WATER.

The supply at the Kittery Navy-Yard best illustrates the first class,
water from ponds on the western slope of Mount Agamenticus being
piped by a gravity system into the town of Kittery and across to the
navy-yard. Both in quality and quantity this supply is excellent.

GROUND WATER IN SURFICIAL DEPOSITS.

The city supply at Portsmouth belongs to the second class. Some
50 shallow wells have been sunk in the surficial deposits, and from
this system of wells 1,000,000 gallons are reported to be pumped daily.
The domestic supply for a great proportion of the farms in this
region is of similar origin. Wells are dug to the surface of the water
table, locations being selected where the water table and land surface
nearly coincide. Thus the wells of this type are commonly very shal-
low, and in fact are often located on the edge of swampy areas. The
quality of such supplies varies from excellent to very poor, and in
most of the smaller surface wells the seasonal variation is consider-
able. A few general statements as to the surface geology of the
region will serve to explain the nature of this second type of water
supply.

Outside the limits of the larger river valleys, in which there are
doubtless alluvial deposits of considerable thickness, the surface de-
posits are predominantly glacial till, with local accumulations of fine
alluvium or swamp deposits. Stratified gravels and sands of glacial
origin were noticed at only a few points, and these appear to be so
local in their distribution as to have no special influence upon the
movement of ground water. The cover of till is thin over large
areas, and rock exposures are both large and numerous. In such
areas, which may be said to be the rule in the town of Kittery, Me.,
swamps are of common occurrence, and much of the region is poorly
drained by surface streams. The distribution of the till and the ab-
sence of any extensive deposits of stratified drift are the determining
conditions in the occurrence of ground water in the surface zone.
The supply from this source can draw from only a limited catchment
area, and seasonal fluctuation must therefore be expected.

West of Portsmouth some excellent wells are reported, which
derive their water from sand and gravel. Some of these are artesian,
and the water is in this case under pressure because of impervious
beds overlying the water horizon. This area was not visited, but is
probably one of stratified drift, differing in this respect from the
region under consideration. It is also true that artesian water from
such deposits belongs rather to the type of supply described in the
following paragraphs.
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TROUND WATER OF THE DEEP ZOXNE.

General character—~The third kind of water supply in the Ports-
mouth-Kittery area is that obtained from the underlying rock.
Water from this source differs from that of the two other classes
in several important particulars, which will be discussed later.
More than a score of wells in this vicinity have been drilled in the
rock, furnishing examples of this tyvpe of underground supply of
pure water. The depth of these wells, so far as figures are obtain- -
able, varies from 27 to 275 feet, but inasmuch as they tap this water
of the deep zone they may be classed together as deep wells.

The elevation of these wells ranges from 100 feet above sea level
to approximately sea level. Their yield is also quite different, some
being very successful, while a few were failures. Three of these
wells in the town of York. which adjoins Kittery on the east, are
artesian, and these will be described, as will the few failures and also
several wells that are of especial interest from their location near
the forts at the mouth of Portsmouth Harbor. Concerning several
wells conflicting reports were heard, but the data given below were
furnished by ecither the owners or the well driller, largely supple-
mented by personal observation at the wells and in the immediate
vicinity.

Descriptions of wells—The well on the place of H. E. Evans (now
deceased), on the road between York Harbor and York Beach, was
drilled in 1889 to a depth of 27 feet, with a diameter of 6 inches.
Rock was encountered at a depth of 3 feet, and the principal source
of water at 25 feet. 'This water rises 2 feet above the surface, so that
the well is truly artesian. The flow is reported as 100 gallons per
hour, and the water supplies tivo summer cottages.

The well owned by C. B. Moseley, and situated on the northwest
side of Cape Neddick, was drilled in 1894, and like all the wells in
this vicinity has a diameter of 6 inches. The total depth of this
well was 28 feet, water being encountered at 27 feet. This water
flows from the surface, and the supply is reported as 30 gallons
a minute, that amount having been pumped for an hour, with the
result that the water in the well was lowered 2 feet. This water
supplies three houses, flowing into two lower on the slope, and being
pumped into a third. The elevation of the well is about 40 teet above
the sea level, and it is not far distant from the shore.

The well on the property of W. H. Wentworth, of York Beach, 1s
located between the railroad and carriage road on Long Beach, and
was drilled in 1889, to a depth of 70 feet. The well is located in a
swamp back of the beach, and is approximately at sea level. The
upper 16 feet was in mud and beach gravel, the remainder of the well
being in solid rock, reported as * mostly trap.” The water from this
well rises 23 feet above the surface, and the amount is reported by
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the driller as 4.000 gallons per hour, without either diurnal or
seasonal variation of the water level. The water is of excellent qual-
ity, and by means of a windmill is made to supply a boarding house
and a number of cottages, twenty-five families being said to have been
served by the supply.

The well on the grounds of Hotel Pocahontas, on Gerrish Island,
about 20 feet above the sea level, is of special interest from its prox-
imity to Fort Foster. This well was completed in 1895, being drilled
to a depth of 40 feet, the principal source of water being at 39 feet,
with other veins at 20 and 31 feet: the water stands 8 feet below
the surface of the ground. The driller reports the flow to be 75 gal-
lons per hour, although a much larger rating 1s given by tle owner.
The water is raised by a windmill, and partly supplies the hotel;
another source of supply is a natural spring 7 feet above high tide
and within a few yards of the shore. This spring has been excavated
i the rock to a depth of 8 feet, and when not pumped overflows
through the crevices in the rock.

The most important well in the area is at Hotel Wentworth, on
Newecastle Island. The well is situated at an elevation of about 40
feet on the southwestern end of this island. on the eastern shore of
which are situated Forts Constitution and Stark. The well was
drilled some years ago, and the total depth is variously reported, but
is said by the agent of the Jones estate, by whom the property was
owned, to be about 275 feet. It could not be learned at what depth
water was encountered, nor how near the surface water rises. The
rate of flow is not known, except through information secured from
the manufacturers of the steam pump in position over the well, who
state that a Deane pump of this type should pump 30 gallons per
minute when working efficiently. The engineer in charge states that
in the middle of the summer this pmp has been run night and day
for two weeks at a time, with no appreciable diminution of the
supply. The quality of the water is excellent, and is used to supply
a large part of the Hotel Wentworth. This property has several
surface wells fed by the springs, which form an auxiliary supply.,
but as these fail in the height of the season the deep well may be
said to be the only supply for the dining rooms and the larger part of
the hotel, one wing of which is supplied by city water from Ports-
mouth.

A short description should be given of the few failures in this
region. In the vicinity of the Evans well, on (Clape Neddick, two
unsuccessful wells were drilled. One of these was drilled to a con-
siderable depth without any water being encountered, this case heing
especially remarkable from the fact that the hole was located only
a few hundred yards from the artesian well. _\nother at a slightly
greater distance from the Evans well was drilled to a depth of 87
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feet, at which level salt water was encountered, which rose to approxi-
mately sea level. This well, it should be noted, was drilled in the
gabbro which makes up the greater part of Cape Neddick, while the
dry well was in schist close to the gabbro contact, and the Evans
artesian well was in slate and schist, all of which rocks will be men-
tioned in the following paragraphs.

Another unsuccessful well was drilled at Fort Stark, under direc-
tion of the Corps of Engineers of the Army, to a depth of 260 feet.
At 130 feet fresh water was encountered, but only in small amounts,
and at 260 feet salt water was struck. The site of this drill hole
is now concealed by the fortification. In the same vicinity, on the
Barrett estate, a well was drilled to the depth of 150 feet, at which
depth it had to be abandoned on account of the crooked drill hole.
A small amount of water of excellent quality was encountered, but
not sufficient to warrant pumping.

GEOLOGIC CONDITIONS.

The geologic conditions which control, or at least influence, the
occurrence of this water of the deep zone must now be considered.
The problem is not a simple one, but the following observations may
serve to explain to some extent the well data given above.

LITHOLOGY.

The prevailing bed rock over this area is metamorphic in nature.
Schists that evidently represent metamorphosed sediments, together
with well-bedded slates and quartzites, underlie the greater part of
the area. The strike of these rocks is N. 60° to 80° E., with N. 70° E.
possibly the prevailing dirvection. The dip varies also within only
narrow limits, being 75° to 90° either to the north or to the south,
and more commonly vertical. At only one locality were low dips
observed. At the outer entrance to Portsmouth Harbor the rock is
more gneissoid in character, and to a large extent represents meta-
morphosed igneous rocks of an acidic type. In what proportion
these igneous rocks were of volcanic and in what of intrusive origin
can not be stated, but both types are doubtless present.

Cutting these old metamorphic rocks are numerous dikes of dia-
basic and basaltic rock. Some larger masses belonging to the same
intrusion have more of the gabbro texture, and the outer portion of
Cape Neddick, as noted above, is composed of very massive gabbro.
These basic intrusives are relatively much younger in age, and it is
noticeable that the basaltic dikes cut not only the schistose rocks, but
also the quartz veins which traverse the schists and slates. Some of
these dikes cut across the schistosity and stratification, following
joint planes, but more commonly they are parallel to the bedding and
might be more properly termed intrusive sheets.
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JOINTS.

The essential feature for the purpose of the present discussion is
that all these rocks, whether of voleanic or sedimentary origin, have
been so thoroughly metamorphosed that the foliated structure is
characteristic for all. These rocks are much jointed, although no
regular system of joints could be recognized as prevailing for any
distance. The intrusive rock is also jointed, a svstem of three joint
planes nearly at right angles to one another being noted in the gabbro
of Cape Neddick. In general it is probable, however, that the in-
trusive rock is jointed to a less extent than are the older schists and
slates.

The question to what extent the joints in the above rocks represent
open spaces is most important. The prominence of these joints on
the weathered surface suggests that the rock mass is considerably fis-
sured, but there is also reason to doubt this conclusion. At the
sonthern end of the navy-vard very extensive excavations are in
progress for the purpose of removing a point which projects into the
river channel. An examination of the piles of broken rock from this
source shows that the quartzite has very irregular fractures, which
appear to be very largely independent of either stratification or joint
planes. Many of the joint planes are also seen to have been cemented
with quartz in thin films. A few small faults were noted in this
region, but it is probable that these also are well cemented.

ZONE OF STORAGE.

Presence of artesian water.—The physical character of the rocks of
the area and their structures are plainly quite different from those
observed in typical artesian basins. The rocks are compact and well
cemented, so that in no strict sense can it be said that there is present
a pervious stratum between impervious strata. Neither is there any
approach to a basin structure, but rather the structure is that of
closely compressed folds, in which the strata are steeply inclined.
However, artesian water is known to exist in this area, as proved by
the artestan wells already described, and in the other deep wells which
did not flow the water encountered is under static pressure, as evi-
denced by the rise within the well. Essentially, then, the water sup-
ply of these deep wells is of the artesian type—that is, the water rises
within the drill hole for a score or more feet above the level at which
the drill tapped its flow. This supply of underground water is there-
fore somewhat exceptional in type, and the conditions presented
deserve further consideration.

Mode of flow—As noted above, the water-bearing rocks are not
porous in the same sense as most rocks which form the pervious beds
in artesian basins, The water circulation can not be through pore
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openings, but must be along the stratification partings, joint openings,
and other less regular passages within the rock mass. It is difficult
to state which class of these is the most important in governing the
circulation of the water. The bedding and schistosity planes are of
course the most persistent, although probably lacking the regularity
and width of the joint openings, and from their approximately ver-
tical position these partings would serve to conduct the water from
higher to lower levels, and vice versa. Such of the joint planes as
approach horizontality would furnish connecting passages between
the vertical openings, yet how continuous such a system of openings
1s can not be stated, owing to ignorance of the extent to which these
natural openings have been modified by cementation. It is believed,
however, that the master joints of the area are nearly horizontal, so
that movement of the water in the horizontal planes is less obstructed
than the upward movement. The fact that the water tapped by the
wells described above usually rises either to the surface and overflows
the top of the well casing, or at least rises to a considerable extent
within the well, indicates conclusively that there is static pressure and
more or less confinement by the overlying rock. ’

If these joints and other partings were present throughout the
rock mass, the essential condition of an impervious cover would be
lacking and the ground water from the deep zone would escape at
the surface. Two factors, however, appear to combine to prevent
such natural escape except in rare cases like the spring near Hotel
Pocahontas. The pressure under which the water circulates in the
deep-rock zone is insufficient to overcome the internal friction within
constricted openings in the higher parts of the zone of water circu-
lation, especially as there is a greater degree of cementation along
these upward-leading planes near the surface. This presumption of
greater cementation near the surface is supported by the observations
at the navy-vard excavations, as well as by the general theory of
vein deposition. In view of the moderate depth of the three flowing
wells, it may be true that this cementation is especially effective only
to a depth of 20 to 100 feet, within which surface zone it may wholly
stop water circulation.

The conclusion gained by this investigation is that the ground water
in the deeper or rock zone circulates relatively slowly within the
constricted natural openings in the rock. The water of thiy zone
is contributed from distant areas rather than from the immediate
vicinity. and the rate of circulation is so slow as to make the supply
essentially free from seasonal variation. The elevation of the prin-
cipal catechmeut area is not sufficiently great to cause the water thus
flowing to be under great pressure—that is, the pressure is not usnally
sufficient to overcome the friction incident upon upward escape
through the natural joint, stratification, or foliation planes, which
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are more or less thoroughly cemented near the surface. In such ex-
ceptional cases as the spring near Hotel Pocahontas on Gerrish Island
the water from the deep zone does thus escape, probably through a
less constricted opening. In the artificial openings of the wells
the water is provided with a free vertical channel, in which it rises
for 10, 20, or possibly hundreds of feet. and in the case of the artesian
wells cited actually overflows at the surface. The extent to which
the water thus rises is therefore a direct measure of the amount of
pressure under which it circulates at the point reached by the drill
hole, a pressure, however, that was insuflicient to overcome the frice-
tional resistance to upward flow along natural channels in the rock.

Another feature which appears chavacteristic of the wells in this
area is that the water circulation is more or less confined to trunk
channels rather than equally distributed throughout the water-bear-
ing zone. This is not simply because the water prefers the frunk
channels, but becanse the rocks are so indurated and free from pore
openings that these larger openings ave the exclusive channels of
flow. This is shown by the well logs, which indicate the presence of
definite flows at different levels, which are not determined by the
presence of definite porous strata. but more probably by the position
of joint planes or other openings within the mass of steeply inclined
and highly indurated rock. Turther proof of this is afforded by the
case of the Wentworth well, where the drill dropped 1 foot at the
point where the principal flow was encountered. Such a distribu-
tion of the water circulation along a limited number of well-defined
channels would explain the marked difference between wells located
in the same vicinity.

PRACTICAL CONCLUSIONS.

With the results of this investigation in mind. some definite state-
ments can be made that may be of practical value to anvone inter-
ested in utilizing the water from the deep zone of flow.

Water that is truly avtesian. or that is at least under sufficient pres-
sure to make it rise in a deep well. exists in the vrock underlyving the
area under consideration. The distribution of this supply of under-
ground water is such that a few failures may be expected among
deep wells drilled in this area. but the percentage of failures should
be very small if some judgment is used in the selection of the loca-
tion for drilling. The logs of the most successful wells show that
the depth at which the best flows will be encountered can not be
definitely predicted. Tu most cases an abundant flow should he
expected at a depth of less than 100 feet. but in some localities the
drill might reach a depth of 300 feet before the water was encoun-
tered in good quantity.
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The location of a few successtful wells suggests some precautions
to be observed. Inasmuch as the cracks showing at the surface are
not indicative of similar openings at considerable depth, they should
not be considered as indicating that water-filled channels will be
encountered by the drill with depth, and furthermore if such loca-
tion Is near the shore the presence of such surface cracks increases
the liability of encountering sea water, which has followed passages
extending from the submarine rock surface. Again, in selecting a
place for locating a well, it will be preferable to avoid diabasic dikes
and sheets which traverse the schist in many parts of the area.
Several successful wells in York and Kittery, however, appear to
have been drilled, in part at least, through this intrusive rock, but
it seems probable that the schist is the better water-bearing rock, in
that it contains more partings.

More specific conclusions have been submitted to the War Depart-
ment relative to the conditions at the various forts. The above gen-
eral statements, however, apply to practically all of the area described
in this article. Furthermore, it is believed that the application of
these conclusions may be safely made over a larger area. Geologic
investigation of other portions of the Maine coast during the same
season has led the writer to consider that the principles here formu-
lated regarding the nature of the deep zone of flow constitute a ten-
able hypothesis for the explanation of the hydrologic conditions in
these other regions. In these areas of thoroughly indurated and
closely folded rocks the joints are the structural elements most im-
portant in the control of undergronnd circulation, and thus there
exists a type of artesian storage quite different from fhe basins
usually described.
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formerly covered the region. Although excessively flat, the country
has a gentle slope southeastward toward Lake Erie, usually not ex-
ceeding 5 feet to the mile. The main streams—Iuron River and
Swan Creck—flow in the direction of greatest slope to the southeast,
while the smaller streams, including the tributaries of the large
streams named, flow either along similar southeast lines or converge
slightly toward the main drainage lines.

The region is a populous one. Roads follow nearly every section
Iine, and houses.are abundant, there being frequently from ten to
twenty to a section. The farms are correspondingly small, but are
under careful cultivation, and the owners appear to be prosperous.
Three steam railroads and a trolley line give frequent communication
with Detroit and afford abundant opportunity for the shipping of
produce.

Climate—The climate of the region is tempered to a certain extent
by the proximity to Lake lirie, being, with the exception of the
southwest corner of Michigan, the warmest in the State. The aver-
age minimum temperature is 39°, the average maximum 57°, and
the average mean 48°. The rainfall, which is about 30 inches, is
low as compared with certain other portions of the State, where it
may reach 35 to 40 inches.  (See fig. 32.)

There are, however, considerable areas in which the precipitation
does not exceed 30 inches. Normally the rainfall is lowest in Janu-
ary, when it is under 2 inches, and highest in May and June, when
it is over 31 inches per month. About the head of ITuron River the
rainfall 1s greater than along the lower part of its course and serves
o keep the stream somewhat higher than would otherwise be the case.

GEOLOGY.
SURFACE MATERIALS.

C haracter—The materials overlying the rock in the region consist
largely of what is locally called “ clay,” but what is more properly
a clay with an admixture of sand and pebbles. The materials are
not usually arranged in definite layers as in stratified deposits, but
commonly exist rather as heterogeneous mixtures, although occa-
sional beds of quicksand or gravel, or even scattered bowlders, may
occur. In consistency the material is tough and clay-like, grayish
blue when fresh, but becoming yellowish through oxidation of iron
on exposure to the weather at the surface. Some bowlders occur in
the part of the area nearest Detroit River.

T hickness—Althongh the superficial materials have a flat surface,
their thickness varies from place to place, because of differences
in elevation of the buried rock surface, which reaches much nearer to



132 HYDROLOGY OF EASTERN UNITED STATES, 1905,  [xo. 145

the top of the ground in some places than in others. The clayey
deposits are from 15 to 40 feet in thickness, 25 to 30 feet being a fair
average in the regions back from the streams. The streams, how-
ever, have cut their channels into the clay to some depth and in places
have even cut entirely through it into the rock. Occasionally the
rock reaches nearly or quite to the ordinary surface, as in the large
quarries at Newport.

In a broad way, the thickness of the clays may be said to increase
as Detroit River and Lake Erie are approached. West of Carleton
the thickness, as shown by wells, is commonly about 30 feet. East of
that town the depth, though variable, is sometimes as much as 35
feet, while near Rockwood the thickness may be as high as 40 feet.

Origin—The surficial materials are of somewhat diverse origin.
The bowlders and the unstratified materials were derived from the
glacial ice which once covered the region, the accumulation taking
place under the ice or very close to its margin during halts in its
retreat. The waters at that time stood higher than at present, cover-
ing the entire area under discussion and reaching back as far as the
base of the hills near Ypsilanti. In them a portion of the clays and
" the sand locally covering the surface was deposited as the ice re-
treated. Ice and water deposition were simultaneous and without
sharp lines of demarcation, making it difficult to differentiate one
from the other. After the retreat of the ice from the region the
waters finally sank, with several halts at different levels, to their
present position. During these halts the deposits were subjected to
more or less washing by the waves, with the result that beaches were
cut in the clay or constructed of sandy materials derived from it.
These are the so-called terraces, ridges, or beaches extending in 2
northeast-southwest direction across the region northwest of the area
under discussion and between it and Ypsilanti.

ROCKS.

General statement.—As was pointed out in the paragraph in which
the thickness of the surface deposits was discussed, the rock surface
1s irregular as compared with that of the overlying clays, rising at
points until it is within a few feet of the surface and again sinking
20, 30, or 40 feet below it. There are no great inequalities, however,
and even if the soil were removed the surface would still be very reg-
ular, with elevations rarely rising more than 20 feet above the sur-
rounding level. The irregularities are entirely independent of the
present streams, which in the main have been determined in location
entirely by the surface deposits. The rocks underlying the clays in
the lower Huron River region consist of limestones, sandstones, shales,
ete., arranged in belts extending in a northeast-southwest direction,
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or at right angles to the course of Huron River. They are reached by
all but the shallow wells and afford the greater part of the ground
water found in the region.

FORMATIONS.

Dundee limestone—In the northwestern portion of the area, or
beyond a point a couple of miles northwest of Carleton, the rock is
the Dundee lmestone, a fairly pure, light-colored, flint-bearing
Devonian limestone of perhaps 100 feet in thickness and dipping
northwestward at a rate of 20 to 25 feet to a mile. It is character-
ized by waters more or less charged with sulphur in the form of
hydrogen sulphide.

LAXKE FRIFE

Scale )
10 zomiles

F1G. 33.—Sketch map of southeastern Michigan, showing area discussed.

“ Upper Monroe” beds—These are drab magnesian limestones,
or dolomites, sometimes carrying sand and gyvpsum and other min-
erals. The dip is similar to that of the Dundee limestone. 'The
waters are hard, but are not characterized by much sulphur.

Sylvania sandstone.—~This is a white sandstone outcropping be-
neath the clay in the region at a point about a mile east of Carleton,
nearly to the mouth of Huron River. The dip is somewhat flatter
than those of either of the preceding formations and is more to the
north than to the northwest. It yields water of a good quality.

“ Lower Monroe” beds—These are generally similar to the lime-
stones and dolomites constituting the “ Upper Monroe ” beds already
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described, but are often more siliceous than the latter. They out-
crop parallel to the Svlvania sandstone in a narrow belt along Lake
Erie and Detroit River. Their waters carry some sulphur.

WATER SUPPLIES.

PRESENT CONDITIONS.

The conditions as regards water supplies vary considerably
throughout the region under consideration, the variations being
marked by differences in composition, head, volume, and in the
amount of shortage shown in the time of drought. Each of the
individual areas will be separately considered.

WILLOW-EXETER REGION.

General conditions.—The term “ Willow-Exeter region ” is applied
to the area now or formerly furnishing flowing wells, which extends
from the vicinity of Willow southwestward past Waltz into Exeter
Township, Monroe County, at its northeast corner. The area in
this township is mainly included in secs. 1, 11, 12, 13, and 14, with
parts in secs. 2, 10, and 15. The belt lies transverse to the drainage
of the region and is located mainly over the outcrop of the Dundee
limestone.

There are several types of wells in the district—dug wells, obtaining
a very limited supply of nonsulphurous water from the clays; drilled
wells, passing through the clay and penetrating the rock and obtain-
ing strong sulphur waters, which will frequently flow at the surtace;
and a combination of the dug and drilled types uniting the charac-
teristics of both. Such wells are nsually dug for about 15 feet and
continned thence by a small drilled hole down to the rock, which is
usually penetrated for a foot or two. These wells are particularly
adapted to those cases where the water will rise nearly, but not
quite, to the surface. They furnish under such conditions admira-
ble opportunities for storage and will ordinarily yield much more
water than the simple pipe wells, which often show & strong tend-
ency to become clogged when water is most needed.

The depth of the wells varies from about 15 to 35 feet, of which
all but a foot or two is usually through the clay. The depth is
least at the eastern limits and greatest at the western border of the
district. The area has been spoken of as one of flowing wells, but it
is generally only at the lower points near the streams or in sags of
the surface that good flows are obtained.

Condition of wells in 1904.—An examination of the wells of the
region shows a lack of uniformity of conditions. Several of the
surface wells are reported dry, while in others the supply is the
same as usual, No decrease is noted in the wells in the sandstone, and
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most of the limestone wells, or those yielding sulphur water, show
little if any material shortage, although a few reported losses, which
in several instances were returned wholly or in part after cleaning.
Some interference among the wells exists.

No evidence 1s afforded by the wells to show that there is any short-
age, except such as would always accompany an unusually dry sea-
son. The moderate decrease due to drought has not been regular,
but was first felt by the shallower wells or by those vielding small
supplies, and last by the deeper and stronger wells. The shortage is
naturally generally most noticeable in the flowing wells, in which a
difference of a foot or two in head may determine whether they will
flow or not. Shortage in previous years is reported.

The head of the water in relation to altitude declines from 622 feet
above sea level in the western part of sec. 14, T. 5, R. 8, to 600 feet
near the east line of sec. 19 of the next township east, or a little over
7 feet to the mile. This would indicate that the source of the supply
was to the west, probably in the glacial hills near Y psilanti.

CARLETON REGION.

The Carleton region is one of nonflowing wells lying between the
Willow-Exeter and the Swan Creek flowing-well districts. The wells
are commonly about 30 to 35 feet deep and probably enter for a few
feet the Sylvania sandstone, from which they get supplies of nearly
or quite sulphur-free water by pumping. In gereral no material
shortage was reported in August, although the wells were somewhat
lower than usual.

SWAN C(REEK REGION.

General conditions—This is a region of flowing wells extending
along the valley of Swan Creek from near the Detroit Southern Rail-
road, 14 miles northeast of Carleton, southeast to a point about the
same distance from the Take Shore station at Newport. At the
north the distriet opens out and merges with the Huron River and
Rockwood districts of flowing wells. The area is mainly over the
outcrop of the Sylvania sandstone.

The wells are of the dug, drilled, or dug and drilled types. Except
those of the first type they all obtain their water on entering the rock
after passing through the stiff impervious clays. The wells have
hitherto always yielded good flows of nonsulphurous water. Their
depth commonly varies from 20 to 35 feet, according to location, the
shallower ones being near the creek in the southern part of the dis-
trict.

Condition of wells in 1904—As in the Willow-Exeter region, the
behavior of the wells is not uniform. In the Swan Creek region,
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however, nearly every well shows shortage, the amount varyving from
a barely noticeable decrease to a complete failure. The surface wells
are very uniformly dry, although even here there are exceptions,
Some of the artesian wells have stopped flowing, while others, though
still running, rise to only a part of their former height. In the non-
flowing drilled wells the loss of head is often but a few feet, but some
of the drilled wells have entirely failed. In the combination dug
and drilled wells the water has generally sunk so low that it no longer
enters the dug part. The natural springs which formerly issued
along the valleys have nearly all ceased to flow.

Suggestions of shortage have appeared several times in past years,
a number of wells having previously ceased to flow or gone dry tempo-
rarily. The beginning of the present shortage was felt in 1903, but
during the fall the supply returned in part. although it was low dur-
ing the winter, and fell off rapidly again i the spring of 1904+ At
just what time the failure began can not be determined. No one was
looking for a shortage, and it was only when wells began to go dry
that attention was paid to their condition. and it was found that an
almost universal shortage prevailed.

“Supposed causes of shortage—Nothing could be more variable than
the opinions presented as to the cause of shortage. The most general
of the explanations attributed the loss of water to subterranean drain-
age by a deep-rock well located at the southern extremity of Grosse
Isle and flowing at the rate of a barrel a second. Credit was given to
this supposed cause by many who would not otherwise have thought
of it, because of the fact that one or two of the wells near Rockwood
ceased to flow temporarily in the fall of 1903 only to begin again a
short time after, and to continue until the spring of 1904, when they
again ceased. These changes are said to have coincided, respectively,
with the striking of the water vein. insertion of casing, and, finally,
with the withdrawing of the pipe from the Grosse Isle well.

Others, however, see no connection with the Grosse Isle well, attrib-
uting the shortage to lack of ramnfall, the frozen condition of the
ground when the rains of the previous autumn fell, the extensive
ditching of the land in recent vears, and the consequent increase of
run-off as compared with absorption, and to drainage by the quarry
at Newport. All are possible causes and were investigated with the
view of finding the determining factor.

Steps taken to increase supplics.—Several methods of remedying
the shortage were tried, the first being the cleaning of the wells. In
a few of the less serious cases this was effective and the supply
returned, at least for a time, but in other cases the cause of failure was
more deep seated and independent of imperfections of the well. In
such cases cleaning did but little good and deepening of the well was
resorted to. In some cases the dug part was carried a few feet deeper,
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and, by giving more storage space for the water, afforded temporary
relief, hut the amount of water was seldom materially increased. The
most effective results were obtained by deepening the portion of the
well in the rock.  Where this was done more water was almost always
obtained, although, of course, it had to be pumped to the surface.

HURON RIVER REGION.

(feneral conditions—This district extends along ITuron River from
a point a mile or two southeast of New Boston downstream to a point
beyond Flat Rock, where it merges with the Rockwood and Swan
Creek areas. The rock is largely Sylvania sandstone, except at the
northern end of the district. The wells, as in the previous districts,
are of the dug, drilled, or dug and drilled types, and range from about
25 to 60 feet in depth. A large portion of the wells flow, or did flow
before the present shortage. At the northern end of the district the
wells yield sulphur water, but in most of the remaining portions
they vield water without sulphur.

Condition of wells in 190}.—In a broad way it may be said there
is a general shortage of water in the region, but that it is not so severe
as in the Swan Creek district, for along the Huron many wells still
furnish good supplies of even flow, while in the latter region the fail-
ure 1s almost universal. The causes ascribed for the shortage are
similar to those of the Swan Creek area, but with less weight given
to the supposed influence of the Grosse Isle well. (Cleaning and,
more especially. deepening the wells generally resulted in an improve-
ment in the conditions.

ROCKWOOD REGION.

General conditions.—The Rockwood area includes the region west
and southwest of that town and between it aud the Swan Creek
area., together with the region near the town on the north side of
ITuron River. It can be considered as merging into the flowing-well
areas of Swan Creek and Furon River on the west and into the
Detroit River region on the east. The area is mainly over the out-
crop of the Sylvania sandstone and yields waters generally free of
sulphur. The wells are generally from 20 to 40 feet in depth and
are nonflowing. except near Huron River.

Condition of awells in 1904.—The field work showed a marked
shortage of supplies with many complete failures. Most of the arte-
stan wells had flowed uninterruptedly for many years until they
ceased in the summer of 1904, but a few stopped flowing in 1903,
when the present shortage first began to be felt. During the winter
of 1903—4 there was a slight increase over the preceding fall, but
a considerable number of wells are known to have remained low all
winter and one or two stopped flowing. While the flows of the
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individual wells stopped suddenly, the stoppage was not simultane-
ous in different wells, but extended over a considerable period of
time. The wells mn the region have always been somewhat sensi-
tive, as if flowing at or near their maximum head, hence a slight
decrease of the head would cause them to stop flowing rather abruptly.
Several of the wells have always flowed roily water before storms
and some ceased flowing during prolonged periods of westerly winds.
The shortage is greatest west of Rockwood, becoming less as the
town and Detroit River are approached. Many of the wells that
have ceased to flow still yield water by pumping, while cleaning
and deepening often add materially to the supplies.

Supposed causes of shortage—The explanations of the shortage
are the same as in the Swan Creek area, with special emphasis on the
Grosse Isle well and the Newport quarry. On both of these sup-
posed canses, however, opinions are divided, those not believing in
their influence being as posttive as those favoring such interference.
It was noticeable, however, that the belief in both the quarry and
deep well became less firm the nearer they were approached, being
held rather by the owners of more distant wells than by those of
the nearer ones.

DETROIT RIVER REGION.

This region includes the area between the Rockwood district and
the shores of Detroit River. The region is low, being only a few
feet above the river and lake level, and along the shore and creeks
is often decidedly marshy. The region is, however, quite thickly
settled and wells are abundant, but probably average under 20 feet
in depth. In general there has been no trouble with shortage of
water, although in a few instances the water was thought to be a
little below 1ts maximum summer level. No particular cause of short-
age was advanced other than a general belief that the numerous
salt and other wells might have had some effect. It is probable
that in reality the water was as high as or higher than is ordinarily
the case, as Lake Iirie, which controls the ground-water level adja-
cent to its shores, stood about 15 inches above the normal in the
summer of 1904.

GROSSE ISLE.

General conditions—Grosse Isle is a north-south island about 9
miles long and 2 miles wide, lying on the American side of the
international boundary in the Detroit River, its center being opposite
the town of Trenton, 18 miles south of Detroit. The population is
mainly located along the shores of the 1sland, only one or two houges
being situated in the interior, notwithstanding the entire island is
under cultivation. The surface is mainly clay or clayey silts, but
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rock is commonly found not far from river level and in one point,
where it rises slightly higher, is quarried.

Very few wells have been sunk on the island, the main supply
being from pipes extending out beneath the surface to deep water in
the river. The water is pumped directly from these pipes by means
of windmills, no provision being made for filtering. There is some
typhoid on the island. The few wells that have been sunk in the
interior penetrate clay to the rock, which is entered at about 20 feet.
The water of the dug wells is from the clay, but the drilled wells
enter the rock and obtain an iron-bearing water carrying some sul-
phur. No shortage was reported in 1904, and no one had observed
the slightest effect due to the big well at the southern end of the
island.

Grosse Isle or James Swan well—This well is located on the
property of James Swan, opposite Snake Island, about three-fourths
mile from the extreme southern point of Grosse Isle, and was 2 or 3
feet above the level of the river in 1904.

The well, which was sunk in search of oil or gas, was begun in
1903 and completed in May, 1904, having reached a depth of 2,375
feet without obtaining anything of value. The diameter at top is
10 inches, decreasing to 6 inches at the bottom. A 13-inch casing
extends from the surface to the rock at 17 feet.

The first considerable flow of water was encountered at 420 feet,
but at 450 feet a bigger flow was obt#ned. DBoth were fresh, but as
the well was drilled deeper flows of sulphur water were encountered,
which, althougli relatively small, were sufficient to impart a con-
siderable amount of sulphur to the water as it issues from the pipe,
and to be recognizable by taste and sulphur deposit on the grass and
stones about the well.

Analysis of water from James Swan well, Grosse Isle.
F. K. OviTz, analyst.

[Parts per million.]

S CaA . 188
Calcium oxide____________ e 7,616
Strontium oxide_____________________________ U 376
Magnesiam oxide________ e 1,212
Sodium oxide 292
Potassium oxide_____ U e 112
Sulphurie anhydride_________________________ . 11, 871
Chlovine ______________________________ e 248
Carbon dioxide______________________ . ___ e 1, 550
Iron and alamina - o 14
Loss on ignition___________ . 2, 006

Total solids_ 25, 485
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The water issaid to have been cased off during the progress of the
drilling, from August, 1903, to May, 1904, when the casing was finally
pulled. At present the water issues in a jet 11 inches high from the
13-inch pipe, forming a fountain of considerable size. (See Pl IV.)
The flow is calculated at about 50 gallons per second and forms two
sizable streams as it flows away from the well. The water was tested
to a maximum height of 22 feet above the surface. It is stated that
the owner contemplates using the water for a public supply for the
island.

SUMMARY.

The conditions of the wells at the present time have been described
in detail in the preceding pages. With the exception of the narrow
belt along the shore of Detroit River, where the supply is largely
governed by the height of the river, the loss of supply has every-
where been felt in varying degrees. In the Willow-Exeter and
Carleton regions the shortage is very slight, while along Huron River
it is only moderate. In the Swan Creek and Rockwood regions, on
the contrary, the shortage is excessive, a large proportion of the wells
going dry and entailing much inconvenience.

DECLINE OF THE SUPPLY.
HISTORY.

The present season does not mark the beginning of the decline, but
rather its culmination. Investigations made by Prof. W. H. Sherzer
previous to 1900 showed that even the shrinkage of supplies had
been in progress for many vears. In his report on Monroe County,
he states that while continued drought makes no impression on many
of the wells, the flow of others is reduced, or almost or quite stopped.
The opening of new wells was found to affect the flow of others in
the neighborhood, and the areas over which artesian waters could be
secured were found to be becoming constantly more contracted. Wells
in the southern part of Erie Township, back 3 miles from the lake,
which formerly flowed. had then ceased.

The decline, noted by Professor Sherzer as having already pro-
gressed for some time, has continued to the present time. The areas
of flowing wells outlined by him on his maps at that time are more
extensive than those at the beginning of 1904, while by the close of
the summer of that year very few flowing wells remained in some of
the regions, as in the valley of Swan Creek and near Rockwood.

Not only have the artesian wells ceased to flow, but the water in
the nonflowing wells is lower than formerly. In fact, the level of
the ground water in the clavey portions of southeastern Michigan

2 (zeol. Survey Michigan, vol. 7, p. 194,
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Creek and Rockwood fiows is less than this amount. In other words,
the head of the Grosse Isle well is greater than many of the wells
under discussion, and the water, if any connection existed between
the two, would not be drawn from the shallow wells, but rather
forced up into them.

Summary—The evidence at hand gives no indication of any con-
nection between the shortage of the shallow wells and the fiow of the
big Grosse Isle well, but affords, on the other hand, many indications
that none exists. The supposed connection with the Grosse Isle well
of the loss of water in the Brown and Bancroft wells in 1903 is the
result of mere coincidence, the failure simply happening to take place
at the height of the dry season of that year. That they should have
failed in the still dryer season of 1904 was to be expected. The con-
ditions were almost certainly local, as other wells in the vicinity were
not similarly affected at the same time.

NEWPORT QUARRY.

The underdrainage caused by the quarry was, next to the Grosse
Isle well, most commonly advanced as a cause of the shortage along
Swan Creek. A visit was accordingly paid to the locality and the
conditions investigated.

The quarry is located just cast of the tracks of the Lake Shore and
Michigan Southern Railroad at Newport and a few feet north of
Swan Creek. The quarry 1s 200 to 300 feet across and 1s excavated
to a depth of 18 feet in the limestone, which is reached after 10 or
15 feet of stripping. The creek flows on top of the rock surface, 18
feet above the bottom of the quarry, and is separated from the exca-
vation by a small dike. Water enters at various points in small
amonnts, but is easily removed by pumping at a rate of about one-
half a gallon a second (4-inch pipe, one-half full, but ejected with
shght force). A part of the wells near at hand have been affected,
but the decrease in the water supply is not universal even within a
few hundred feet of the quarry. A quarter of a mile back no effect
has been noted.

The small amount of water entering the quarry is in itself an indi-
cation that no extensive area is being drained, while the fact that
only a part of the adjacent wells are affected, while those a short
distance away are unaffected, shows that even in its vicinity the
quarry may be neglected as a factor in the shortage of the water
supply.

DEFORESTING OF TIIE LAND.

The existence of forests in a region, while not affecting the amount
of water falling on the ground, tends to prevent its escape into the
streams with the rapidity with which it runs off of nontimbered
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lands. By holding it back, even for a few hours, considerably
greater quantities are allowed to soak into the ground than wouald
otherwise be the case. Evaporation from the surface is also retarded,
the ground remaining wet for much longer periods in wooded than
in unwooded lands. The cutting of the timber must, therefore, be
accepted as a factor in the general decrease of the supplies of the
region. This, however, was effective only in the earlier days; it can
not be considered as one of the immediate causes of the sudden short-
age of 1903—4.

DRAINAGE BY DITCHES.

The region under discussion is exceedingly flat, and, because of its
clayey soil and poorly developed stream system, was originally poorly
drained, the low sags often holding water or remaining wet for long
periods. All this has been gradually changed through drainage by
ditches, with the resnlt that much land has been reclaimed. The
process, however, has not been without its drawbacks, for the ditches
rapidly carry off much of the water which had previously soaked
into the ground to become a part of the ground-water body. The
result has been a gradual depletion of the ground water, especially
within the past few years, so that the beginning of the present drought
found an inadequate reserve supply in the ground.

DRAINAGE BY STREAMS.

The level of streams generally determines that of the ground water
in their vicinity, the latter subsiding as the streams fall. During
1904 both Huron River and Swan Creek were unusnally low and thus
drew unusual quantities from the surrounding water table, which
was thereby naturally lowered. Huron River, being a longer stream
and one having its source in a region of greater raintall, was not <o
low as Swan Creek, the entire course of which falls within an area of
low rainfall. Morcover. the latter, flowing over clay nearly destitute
of water, receives in considerable portions of its course only shght
additions by percolation. It is probably for these reasons that the
shortage is marked along its course rather than in any other part of

the region.
EARLY FROST OF 1903,

This appears to have been an important factor in bringing on the
present acute shortage. According to the official records, the perma-
nent freezing of the ground took place on November 17, which was
before the heavy autumn rains had fallen. There was, therefore,
little chance for the rainfall to soak into the ground during the win-
ter and spring months. This was made manifest by the low water in
many of the wells during the winter, the result being that when
spring opened the ground water was at an unusually low stage.
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DEFICIENCY OF RAINFALL IN 1904.

Because of the fact that the ground was frozen during the autumn
and winter, the ground was in much the same condition at the open-
ing of the spring of 1904 as it was at the end of the preceding sum-
mer, and as month after month during the present summer went by
with deficient rainfall the shortage began to be severe. The shortage
of rainfall in 1904 is brought out by the climate and crop-sowing
reports of the Government, which show that from the opening of
spring until July the rainfall was only from one-eighth to a little
over one-half of the usual amount. Late in July and in August con-
siderable rain fell, but as it came largely as short, heavy showers the

- water, instead of soaking into the ground as in more gentle rains,
formed streams and ran off rapidly. The part that soaked into the
ground was entirely insufficient to compensate for the many dry
months which had preceded. especially as the relatively wet months
of August and September were followed by several months when al-
most no rain fell.

CONCLUSIONS REGARDING SIIORTAGE.

No evidence wag found to show that the Grosse Isle well had
affected any of the wells whatever, nor that the Newport quarry was
a factor in the failure of wells other than those situated within a few
hundred feet of it. The deforesting of the region has been a factor
in the general decrease of supplies in the past, but had no immediate
connection with the present shortage. The ditching of the region
was a prominent factor in the gradual depletion of the ground-water
body, so that when the usual fall rains were prevented by frost from
being absorbed and the winter was followed by a summer of excep-
tional drought, the conditions were ripe for the failure of water that
followed.

FUTURE PROSPECTS AND REMEDIES.

The failure of the wells being due largely to the severe drought of
19034, it is probable that the return to the normal rainfall will result
in an increase in the water supply, although, because of the excessive
dryness of the ground, the increase in the available water may not
be immediately noted. The full supply mayv not return until a wet
vear, or, perhaps, a succession of wet years, oceurs.

In some cases the return of the water may not bring restoration to
the wells, for water passages in clayey materials when dried out may,
to a certain extent, crumble and hecome more or less clogged so that
their capacity for carryving water is lessened or destroyed, even when
the- ground again becomes soaked. The return in any case will
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probably not be complete, as the thorough ditching which the region
has undergone will result in a permanent lessening of the water sup-
ply of the region.

The wells in the lower Huron River region obtain their supplies
in the upper few feet of the rock. The waler, judging from its
head, is derived from glacial deposits overlying the rock in the
region northwest of the arvea under discussion. It probably traverses
the upper more or less jointed and open portion of the rock, because
there is less resistance to its flow through such crevices and openings
in the rock itself than through the compact clayey deposits which
generally overlie the rocks of the region. In its passage the water
takes up sulphur and other mineral matter contained in the rock,
its quality thus being changed from its relatively pure condition when
it first left the drift.

Tt has been shown in the discussion of the wells of the region that
a deepening has almost invariably met with at least partial success,
especially where the wells have been sunk deeper into the rock.
Throughout the entire region, however, the wells are unusually shal-
low, even for the surface-water type, a depth of 50 feet being excep-
tional. In many other regions in Michigan nothing is thought of
going 50 to 100 or 150 feet in search of water. Tt is almost certain
that wells of such a depth would in the lower Huron River region
yield permanent supplies. Until such wells or at least wells enter-
ing some distance into the rock are sunk, a supply adequate to the
demands in times of drought can not be expected.

APPLICATION TO OTHER REGIONS.

The history of the decrease of the water supply in southeastern
Michigan is in many particulars identical with that in many other
parts of the country where similar conditions exist. It is but one
of the many striking examples of the failure of the water supplies
which have attended the development of new regions, and its history
may therefore be taken as a type.

Although the immediate failure of the wells in this, as in most
other regions, was due to a deficiency of rainfall, many agencies
tending to reduce the reserve supply of ground water had been work-
ing unobtrusively, but none the less surely, for a long series of years,
with the result that when the precipitation failed to come up to its
normal amount a severe shortage was immediately felt.

Probably the most general cause, or at least the one which has been
active for the longest period of years, is the deforesting of the land,
the result of which has been to increase the immediate run-off and
the amount of evaporation. The factor is one which developed
gradually, almost inappreciably, but none the less inevitably, as the
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country became older and the forests necessarily gave place to farms.
It is an unavoidable incident in the growth of the country.

Next to deforesting one of the most common causes of the decrease
in ground-water supplies is the drainage by ditches. Much of the
finest land of our country lies along the flat flood plains of our great
rivers or on broad, flat plains, as in Ohio, Indiana, Illinois, and some
of the more western States. Considerable portions of such flat lands
were originally ill drained, water perhaps standing for mounths in
the flood plains of the river bottoms or in the numerous shallow but
often broad sags of the almost equally flat uplands. Thousands of
acres of such lands have been, as time went on, gradually reclaimed
by drainage ditches and now form some of the richest and most
valuable Jand in the country. Almost everywhere, however, as has
been pointed out for the southeastern Michigan region, the diteh-
ing has resulted in a decrease of the ground-water body because of
the rapidity with which the rain water is removed, it having much
less opportuntty than formerly to soak into the ground and become a
part of the underground supply.

As in the case of the cutting of the forests, the loss of water due
to the increase in the number of the drainage ditches is inevitable.
But 1t need not, in most cases, entail any great hardship, for, as in the
Michigan region, the ground-water supply is not often exhausted,
but simply lowered, and an increase in the depth of the wells usually
results in obtaining adequate supphies. It is seldom that the depth
will be so great that the cost of wells will be prohibitive to the ordi-
nary farmer.

A further point of interest brought out in connection with the
investigation of the southeastern Michigan region is the effect of early
frost in helping to bring about conditiens of shortage. It is readily
seen that no matter how great the rainfall on frozen ground, but
little will be absorbed. and if the frost occurs before the autumn
rains a heavy precipitation may be without result as far as the
ground-water body 1s concerned. This is a factor which may occur
in most of our Northern States at any time, and one which must
be taken into account in any investigation of shortage.

-



WATER SUPPLIES AT WATERLOO, I0WA.

By W. H. Norron.

INTRODUCTION.

The investigation of the conditions at Waterloo was undertaken
in response to requests from various officials and drillers. Those
from the city authorities were due to an epidemic of typhoid fever,
which had raged for several months. Since the 1st of October, 1903,
when the epidemic had become so pronounced that all cases were
ordered reported, there had been up to March 29, as I was informed
by the mayor, 810 cases of typhoid, 35 of which were fatal. As the
population of Waterloo is 16,000, the death rate from typhoid for these
months alone was 219 to the 100,000, or about 20 per cent higher
than the annual typhoid death rate in the Chicago typhoid epidemic
of 1892.

The location of the typhoid cases, as platted by the city engineer,
showed that they were distributed impartially over the entire water
district. The few cases in homes that lay outside the district could
be explained by the use of city water in school or workshop. The
cases were distributed on all the five sewer-drainage areas of the
city, and the theory that the epidemic was due to a clogging of cer-
tain sewers was untenable. Dust and flies as possible causes were
excluded by the continuance of the epidemic unabated into and
through the winter, and it was far too widespread to be due to the
infection of milk or footls. KExcluding these not uncommon sources
of the disease, nothing remained but the city water supply, which
was drawn from Cedar River and treated by mechanical filtration.

The intake of the supply is situated a short distance above the town,
below the mouths of two small creeks, one of which drains a portion
of the suburbs. Tive or six miles up valley the sewage of Cedar
Falls, a town of 6,500 inhabitants, discharges into the river, and
within a very few hours at most reaches the intake of the Waterloo
waterworks. During the winter this sewage is protected from oxida-
tion on even this short journey by a cover of ice. Under these cir-
cumstances, whenever there are one or more cases of typhoid at the

148



NORTON.] WATER SUPPLIES AT WATERLOO, IOWA. 149

neighboring city the safety of Waterloo must depend solely upon the
continuonsly efficient working of the filtration plant and the destruc-
tion by its coagulants of the noxious bacteria in the sewage-con-
taminated river water. .An examination of the water made by Pro-
fessors Albert and Beirring, of the University of Towa, showed that
not only the raw water of the river; but also the water after treatment
at the filtration plant, was highly infected with miero-organisms, the
colon bacilli being found in great numbers, and even the bacillus
typhosus being recognized. The investigation of the workings of the
filtration plant had shown that no tests were made of the amount of
coagulants needed from time to time with the varyving turbidity of
the river, that the pipes through which the coagulants were admitted
were sometimes clogged, and that the capacity of the filters was
overtaxed by any demand beyond the usual daily consumption.
During the epidemic there had been two occasions when the mains
had been flushed at times of fires with water drawn directly from the
river.

It was under these circumstances that the city officials asked for
information from the United States Geological Survey as to the
possibilities of other sources of supply than that now in use. They
also employed as consulting sanitary aund civil engineer Prof. A.
Marston, of the Iowa State College of Agriculture and Mechanie
Arts.  As Professor Marston had already begun at the time of my
visit to Waterloo a thorough investigation, and as he is advising with
this Office, it scems unnecessary for me to make any speeific recom-
mendations as to the relative merits of different sources of supply or
as to the methods of their utilization.

There need be considered, then, only the geologic conditions affect-
ing ground and artesian water at Waterloo.

WATER SUPPLY.
GROUND WATER.

Waterloo is situated on a broad, ancient flood plain, which lies
about 20 feet above the present river, and, up valley from the city,
reaches more than a mile in width. Underlying the plain at a depth
usually of not more than 20 feet is a floor of Devonian limestone.
Where exposed to view the rock is shattered and closely jointed.
Ground water, therefore, sinks readily through its surface layers to
lower levels. The alluvium which has been spread over this valley
floor of planation consists of sand and gravel, with some finer waste,
and is the valley train of one of the Pleistocene ice sheets. Because
of its loose texture, 1ts ready drainage into Cedar River, and the per-
vious rock floor on which it rests, this broad terrace seems to contain
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no large store of ground water. On some farms of 80 acres, for
example, there has been difficulty in getting a stock well, seven or
eight attempts having been made before success was reached. The
outlook for a supply of water from this source appears unfavorable,
but a careful investigation of all its possibilities is being made by
Professor Marston and by Mr. C. T. Wilson, the city engineer.

SPRINGS.

About 5 or 6 miles up valley strong springs rise from the limestone
on both banks of the channel of Cedar River. On the right bank
copious springs gush from crevices for several hundred feet along the
bed and near the mouth of Dry Run, a tributary of the Cedar. At
the time of my visit to the place the run was ponded by high water in
the river and was filled by clear spring water, in distinct contrast with
the muddy water of the trunk stream. Notwithstanding the high
stage of water, the springs in two places made a noticeable mounding
of the water surface. A few feet above these springs are the strong
gprings used by Cedar Falls for its water supply. On the left bank
of Cedar River, about half a mile from the springs just mentioned,
two groups of springs are found along a distance of about 500 yards.
These were largely concealed from view at the time of my inspection
by high water from the river, and I am told-are not so strong as those
of the right bank. The discharge of all the springs will be carefully
measured when the stage of water in the river permits, and their
availability will be considered, either as a sole supply or as a partial
supply in connection with artesian wells.

ARTESIAN WELLS.

Geology of region—Waterloo lies in a region whose geologic struc-
ture is well known through the work of the Towa Geological Survey
and the surveys of adjoining States. To the depth of several thou-
sand feet the underlying rocks consist of alternating beds of lime-
stones, sandstones, and shales whose general dip is southwestward.
These beds thus come to the surface in successive belts toward the
north and east, even the lowest of the series appearing as the country
rock in central Minnesota and Wisconsin. Several of these beds are
porous sandstones. Into these water soaks in large quantities in the
areas where they form the country rock, and through them it slowly
seeps for hundreds of miles and to depths of several thousand feet.
These pervious layers are sheathed, in several instances, with imper-
vious shales, and when tapped by the drill their waters, which are
under hydrostatic pressure, rise toward the level of their sources in
the higher ground of the States bordering Iowa on the north and
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northeast. The water may fail of reaching the surface, or on lower
ground may overflow, but in either case the well is known as an arte-
stan well. The geologic structure of the deep-lying rocks at Water-
loo, on which its artesian conditions depend, 1s shown in the following
section, which, though hypothetical, at least in the thickness assigned
the different formations, is believed to be a close approximation to
reality.

Hypothetical section at Waterloo, Iowa.

Thickness. Depth.

10. Devonian limestone and shales - ______.____ .. _____. 125 125
9. Niagara limestone ... _____ . . _ ... . ____.__. _..._. 135 260
8. Hudsonshales ... __ . __ . .. __._... 165 425
7. Galena-Trenton limestone __________________._______ 410 835
6. St. Peter sandstone (50-100) . ... ___ . ________ 80 915
5. Oneota limestone - . ... ... . . __________._. 400 1,315
4, Jordan sandstone .. _._ .___ e a-. 100 1,415
3. St. Lawrence dolomites and shales . ___.._________ 200-400 | 1,600-1,800
2. “ Basal sandstone™ ___ .. __.______.__.__ ... __. Indeterminate.

1. Algonkian quartzite or schist - ... . ____._ ... ___ Do.

Water horizons.—The texture and conditions of each of these great
formations remain to be constdered.

The Devonian and Niagara Hmestones carry water only in their
widened joints and crevices. The finding of any considerable amount
of water in these beds is an accident whose probability is so slight
that it may be neglected. Whatever water they may contain is under
less head thau that of lower horizons. Their waterways, if struck,
would therefore lead off water from below instead of adding to it, and
these rocks should be cased off.

The Hudson shale is dry. It is of importance to us because it forms
an itmpervious bottom to the overlying formations and especially
because il prevents the waters of the rocks beneath it from rising to
the surface under hydrostatic pressure and being lost.

The Galena-Trenton, especially where a dolomitic or magnesian
limestone, contains some artesian water in its crevices and fissures.
Frequently its water is charged with sulphurous gases which soon
escape on exposure to the air. The basal layers of this formation are
often shaly and keep the waters of the underlying sandstone from
escaping upward.

The St. Peter sandstone is the first important and dependable water-
bearing formation of the series. Its grains are smooth and rounded
and often but slightly cemented and the pore spaces of the rock are
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considerable. The capacity of the sandstone varies with its thickness
and texture and these can not be predicted with any closeness. The
St. Peter may range from 50 to 100 feet in thickness.

The Oneota is a creviced sandy limestone. While the drill passes
through it the flow will probably be strongly reenforced from its fis-
sures and sandy seams.

The chief water-bearing stratum of the series is the Jordan sand-
stone, the upper member of what has been known as the St. Croix, or
the Potsdam. Its normal thickness is about 100 feet and its texture
resembles the St. Peter. It is recommended that any artesian wells
which may be sunk at Waterloo be carried to this sandstone.

The St. Lawrence dolomites and shales, which underlie the Jordan,
are usually dry. Their normal thickness is about 200 feet, but they
may be found to double that amount at Waterloo.

The “ Basal sandstone,” as the Iowa Survey has termed the lowest
member of the Potsdam formation, is a deep bed of sandstone, more
or less limy or clayey in places and in many of its layers so close
textured as to be impervious. Toward the east and north, where it
lies nearer the surface, its open textured layers are more numerous -
and thicker, and here its supplies of water are both more abundant
and less heavily mineralized than toward the west and south, where
it descends deep below ground and where its grains have been more
firmly cemented. The thickness of this sandstone at Waterloo can
not be predicted. It probably is greater than 200 or 300 feet and
possibly, thongh not probably, may reach 1,000 feet, its thickness
depending on the irregular relief of the Algonkian floor whose in-
equalities it covers.

It seems probable that the increase in supply from the water
horizons of the Basal sandstone would not repay the additional
cost of penetrating them and that their waters would be more heavily
mineralized than those of the zones above, and perhaps be salty,
thus lowering their value for manufacturing punrposes. DBut as at
Waterloo the amount of water obtainable is of prime importance, I
should advise, if an artesian system should be decided upon tenta-
tively and an experimental boring should be made, to sink this
boring not only the 1,400 feet needed to test the capacities of the
chief zones of flow—the St. Peter, the Oneota, and the Jordan—but
also to drive the well to as much as 2,500 feet, if the Algonkian is
not sooner reached, in order to probe deeply the Basal sandstone
and to. test its water resources here.

Quality of artesian water—Deep wells, if properly constructed,
are practically free from possibility of contamination. .\rtesian
water is organteally pure.  Communities which use it need not fear
the widespread epidemics of such diseases as those whose germs are
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carried in drinking water and which may visit cities using surface-
water supplies because of conditions which can not always be fore-
seen and prevented.

In its long journey underground artesian water has taken up vari-
ous minerals in solution, and at Waterloo the artesian water will be
found less pure from a mineral standpoint than river water. It
may be expected to contain in solution lime and magnesia carbonates.
with some lime sulphate, together with the sulphates of magnesia and
of soda. It is not at all probable that these minerals will be in
quantities sufficient to render the water in the least unpalatable or
mjurious to the health, but several of them form scale in boilers on
the evaporation of the water, and their amount in the artesian water
found at Waterloo will probably be large enough at least to rank it
as “poor ” steam water (20 to 30 grains of incrusting solids to the
gallon), and still more probably as “bad” steam water (30 to 40 grains
of incrusting solids to the gallon). Possibly the water may carry its
own “ boiler compound ™ in minerals which will cause the injurious
compounds to be thrown down in boilers mostly as sludge.

In a city like Waterloo. which has extensive manufacturing inter-
ests and anticipates a large industrial growth in the future, the hard-
ness of artesian water is a serious drawback to its use as a city supply.
In certain manufactures, such as ice factories, paper mills (if the
water is free of iron). breweries, and bottling works artesian water
may be preferable to surface waters, but for locomotives and the
boilers of all manufacturing plants it is inferior to the supply now
in use.

Quantity of artesicic water—Waterloo is a rapidly growing town
with a population estimated at 16,000, and the needed daily water
supply is placed by the city officials at 3.000,000 gallons. It is by no
means certain that this large amount can be obtained froni deep wells.
It must be remembered that while the water stored in the warer-
bearing strata of the artesian field in Iowa is enormous, beyond the
possibility of exhaustion, and the large intake area and its abundant
rainfall insure its replenishing despite all drafts which may be made
upon it, the amount of water which can seep through the sandstones
at any locality is strictly limited, and the supply may be overdrawn
at that place. At the best a 6-inch artesian could hardly he experted
to furnish at this loeality more than 250 to 300 gallons per minute.
It may very probably not much exceed 200 gallons, and local ciuses
which we can not anticipate may prevent the discharge from reaching
100 gallons a minute. At 200 gallons a minute, or 258,000 gallons ¢
day, 10 wells would not quite give the required amount even if there
were no mutual interference of the wells. It is taken for granted
that interference will be made as little as possible by stringing the
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wells on a line normal to the hydraulic gradient and as far apart as
possible consistent with utilizing their discharge. But, with all that
can be done, there will be mterference, and more than 10 wells will
be needed to yield 3.000,000 gallons daily, even if the discharge of a
single 6-inch well, the others being closed, should reach 300,000 gal-
lons per diem.

Necessity for test wells—1f it should be thought best to use arte-
stan wells for city supply, it would be advisable to put down an
experimental boring. If the flow shounld be meager, the well could
be utilized for park, school, factory, or its water run into the reser-
voir of the waterworks. If the yield should be generous, the work
of sinking other wells should vet proceed with caution. The flow
and head of each successive well will indicate the approach of the
limit where interference may finally make the sinking ot other wells
unprofitable. The city should be prepared to find this limit before
the desired amount of water is obtained and to deal with the case
accordingly. To a certain extent the supply may be increased by
deep pumping, or by what has the same effect—an air lift. Tor-
pedoes are sometimes used, especially in the case of oil wells, and if
this experiment were to be tried the Oneota limestone would be a
suitable horizon.

Head —The head of artesian water at Waterloo is enough to give
flowing wells on the level of the flood plain on which the town is built.
Wells may therefore be drilled wherever convenience may dictate.
An estimate of a head of 20 to 30 feet above the datum just men-
tioned, while a rough one, 1s perhaps sufficiently close for practical
purposes.

Decrease of flow.—The permanence of an artesian supply is an
important factor. Artesian basins when limited in extent are some-
times overdrawn as a whole and the head of water greatly lowered.
This cause of decrease or failure need not be considered in connection
with so large a field as that of the upper Mississippt Valley.

The local area is frequently overdrawn by a large number of wells,
even when the general field shows no sign of decrease. In the case of
Waterloo it is assumed that the number of wells sunk will be kept
well within the limit of mutual interference. It is assumed that the
flow of water through the pervious water-bearing strata to the local
area will be enough to meet the draft which the limited number of
wells may make upon it, so that whatever interference and loss of
head there may be will appear as the wells are drilled and will not
seriously increase with the lapse of time.

Wells decrease in flow from several causes,which may be either pre-
vented or remedied. Such are leakage into horizons higher than the
water-bearing strata, imperfect or worn-out packings, eorroded
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casings, clogging of the pores of water-bearing strata, and infilling of
the bottom of the bore with débris from above. In the Towa field the
decrease of artesian flows, where such has been noticed, seems to be
due largely to one or more of these causes, and at Waterloo they do
not form any serious obstacle to an artesian supply.

SUPPLEMENTARY SUPPLIES.

The question of supplementing the artesian supply, if insufficient,
is chiefly one of finance and engineering. The cost of bringing in
spring water should be considered, and the cost computed also of
combining artesian water with that of a filtration plant dealing with
water from Cedar River. It may be found that artesian water costs
sufficiently less than filtered water to enable 1t to be economically used
as far as it can be obtained without serious interference of the wells,
In this case the water from both sources combined would be propor-
tionally less hard than the artesian water alone, and hence a better
boiler water, but unless the filtration of the river water were bac-
teriologically complete the combination would be little less dangerous
than the filtered water under the same circumstances.



WATER SUPPLY FROM GLACIAL GRAVELS NEAR AUGUSTA ME.

By Georce Oris SMITH.

INTRODUCTION.

This paper is one of several in the present report which deal with
the problems of water supplies of glacial deposits of different types
and origins. No other source furnishes so abundant and pure sup-
plies over such large areas as the drift, from which probably consid-
erably over nine-tenths of the wells north of its southern limits obtain
their water. The drift is likewise the source of a large proportion
of the springs within its area, and furnishes the supplies of the
waterworks of many of the smaller cities and towns. At the same
time its composition and structure are so complex and variable that
it is with great difficulty in many ecases that an intelligent under-
standing of the true conditions can be obtained. It is with the view
of presenting examples of the conditions in type deposits that this and
other similar papers have been prepared.

The region described in this article was visited in June, 1904, by
the writer, at the request of Governor J. I. Hill, chairman of the com-
missioners of the Aungusta. Me., water distriet. The Silver Lake
svstem of ponds had been considered among the possible sources for
a new municipal water supply, and the visit was made in company
with Mr. Allen Hazen, consulting engineer.

Spring Brook, which has its source close to these ponds, had been
gaged and found to have a discharge insufficient for the demands
of the city of Augusta, and the suggestion had been made that this
supply could be augmented by water from the ponds in the vieinity.
The problent presented at this time, therefore, was the examination
of the Silver Lake drainage basin and the determination of the
nature of its relation, if any, to the springs which supply Spring
Brook.

In presenting the results of this investigation I wish to acknowl-
edge my indebtedness to Mr. Hazen. Although we approached
the problem from somewhat different points of view and followed
different lines of argument, it was noteworthy that we arrived at

156



SMITH.]

essentially the same conclusions.
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While the writer had this advan-

tage of discussion of the ficld observations with a hydrographic

engineer, the conclusions
here presented are those
based principally upon geo-
logic data.  Acknowledg-
ments are also due to Mr.
W. W. Albee, superintend-
ent of the Augusta water
district, for information
furnished and for the
sketch map aeccompanying
this paper, which is based
onthe surveysof Mr. Samuel
M. Gray, consulting engi-
neer, who also ran the level
lines, determining the ele-
vations of the different
ponds, as quoted on a fol-
lowing page.

GENERAL DESCRIP-
TION.

The Silver Lake group
of ponds is situated about
54 miles northwest of the
city of Aungusta, Me., at
the place where the four
towns—Augusta, Manches-
ter, Belgrade, and Siduev—
come together.  Thirteen
ponds are included in this
svstem, with an aggregate
area of 215 acres, ranging
in size from 41 acres to 3,
and in depth from 81 to 11
feet. Several of the ponds
are connected by sluggish
streans, but the system has
no visible outlet. A half
mile south of Tyler Pond.
the southernmost of the
group. there are scores of
springs, the waters from
which unite to form Spring

Pothole:
Sty

S. Stwver
Larie

@’ll ud Pond

Pothole

Fra. 835.—sketech map of lakes near Augusta, Me.
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Brook. This stream enters Bond Brook and thence reaches Kennebec
River within the city limits of Augusta.

These ponds are located on a well-defined plateau, which has an
elevation of about 300 feet above sea level, Augusta being situated
at the head of tide on the Kennebec. This plateau is slightly diversi-
fied by a few rounded low hills and ridges, but along its southern
border its surface is very level. The “ caves,” or V-shaped gulches,
which have been eroded along the southern margin of the plateau
well exhibit the material composing it. Rounded gravels with
bowlders up to 1 foot in diameter and fine sand are interstratified,
but no clay beds were observed.

The topographic details of this plateau and its composition indi-
cate its features to have been formed by the deposits of a glacial
stream..  This is, indeed, the southern end of an extensive system of
glacial gravels, which has been described by Stone as the Norridge-
wock-Belgrade system. The basins containing the ponds, as well as
the dry kettle holes, doubtless represent ice masses originally inclosed
in these glacial gravels.

SILVER LAKE DRAINAGE BASIN.

The area inchuded in this basin is 1% square miles. The topographic
character of its surface and the sandy soil covering it make the
conditions extremely adverse to any loss of rain water by run-off.
The boundaries of the basin are not well marked except at the north-
ern and southern ends, where there is a sharp descent into adjacent
stream valleys. The drainage basin is subdivided by a winding ridge,
which separates two chains of ponds.

The underground character of this basin can be inferred from the
exposures of stratified sand and gravel along the southern margin of
the plateau. The extent to which this basin is sharply bounded be-
neath the surface is largely a matter of conjecture. The occurrence
of glacial till immediately bordering the plateau on both the cast
and west suggests that the underground limits of the basin may
approximately coincide with the surface boundaries. The fact that
ledges of slate also occur both on the east and west borders of the
plateau may be regarded as substantiating this opinion.

SHAPE OF THE WATER TABLE.

In a mass of horizontally stratified gravel and sand, with no imper-
vious beds and no marked relief in surface topography, the shape
of the water table is important in its bearing upon the questions of
underground flow. The factors of impervious strata and surface

e Stone, G. H., Glacial gravels of Maine and their associated deposits: Mon. U, 8. Geol
Survey, vol. 34, 1899, pp. 181-184.
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topography being here eliminated, the form taken by the water
table will clearly indicate the direction of flow. Fortunately for this
discussion the exact levels of the different ponds in December, 1903,
are available. The water levels in these ponds, most of which are
without outlets, indicate the position of the water table, or upper
surface of the ground water, and these levels are given in the follow-
ing table. The ridge already referred to separates the group of
ponds into two chains, and the elevations for these will be given in
separate columns—I being the elevations for the ponds of the eastern
chain, and IT for those of the western chain.

Elecation of water levels in Silver Lake pond system.

Name. L II.
Chamberlain Pond . ... _____ . _ . ___ ___ .| 268.24 | ..
Wellman Pond - . U B 266
Penney Pond _ .. ____ . | 265.15
Pitcher Pond _ ________ .. .. . ... ... 263.05
South Chamberlain Pond . ___ .. _ ____ . __ . _______. ___. 12790 | ._____..
JoePond . .. . .. 267.80 |......_.
Gould Pond ___ .. s e 264.70
North Silver Lake ________ . ____ .. __ ... ... ____ _ | R67.60 1. ___.
Silver Lake _ ... _ . .. W1
South Silver Lake ... ... . 959 .
Fairbanks Pond ._.._.__. .. .. ... .. ... |eooooo.. I 260. 20
Mud Pond .. .___.____ . 257.30 | .
Tyler Pond __________ .. B il 254.30 ... ____

The table brings out several noteworthy facts. In the first place,
with the exception of Penney PPond, in both chains of ponds the ele-
vations of the water surface decrease southward. This indicates a
southward slope of the water table. The exception to this generali-
zation 1s important, since Penney Pond lies at the northern end of
the plateau and is separated from the neighboring ponds by a ridge,
and, furthermore, has near its northern end one of the few places
where a small stream was seen flowing outward from the plateau
margin. Just south of Tyler Pond there 1s a deep kettle hole, which
is perfectly dry. DBarometric observations, however, explained this
apparently anomalous condition by the fact that the bottom of the
kettle hole is 5 feet above the water surface of Tyler Pond.

A second feature is the relative independence of the two chains of
ponds. It is evident that the ridge separating them is simply the
topographic expression of a structural element in this mass of glacial
stream deposits. In fact there are also transverse ridges which
cause similar variations in level of the water surface of adjacent
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ponds in the same chain. Thus Silver Lake is separated from North
Silver Lake by a ridge only a few yards across, and the difference in
water level 1s over 6 feet. The slope of the water table apparently
varies considerably within this area, but the average slope is not far
from 10 feet per mile. The direction of flow is largely controlled by
the opportunity afforded for escape along the base of the bluffs
forming the southern edge of the plateau, but possibly this flow is
facilitated by a slight southern dip of the stream-laid gravels.

The southern slope of the water table over the greater part of this
area indicates the direction of underground flow. This in turn at
once explains the source of the springs at the head of Spring Brook.
The supposition that these springs may be fed from some distant
supply, such as Messalonskee Lake, 5 miles north of the springs, is
at once controverted. While higher than the springs. this lake is
probably 40 feet below the water table of the Silver Lake system,
and indeed it is not unlikely that the northernmost pond of the group,
Penney Pond, drains partly into a stream flowing northward into
Messalonskee Lake.

PRACTICAL CONSIDERATIONS.

It is seen from the above description that the Silver Lake area con-
stitutes a natural system of filter beds. The water falling upon the
surface of the platean slowly percolates through the interbedded
sands and gravels. The water issuing from the springs is therefore
of exceptional purity, and as regards quality no better water supply
could be desired.

Unfortunately the qnantity of flow in Spring Brook is insufficient,
and one plan proposed was to erect a pumping station upon the
plateau and use the pond water as an auxiliary supply. From the
foregoing discussion of the conditions controlling the system of
ground water in the Silver Lake arvea, it will be readily seen that
such a procedure would be highly inexpedient. The flow of the
springs is directly dependent upon the ground water of the plateau,
and as it seems probable that there is little flow outward from this
basin either to the east or west by reason of the bounding masses of
till and rock, it follows that the annual discharge of the springs at
the south end of the plateau approximately equals the amount con-
tributed to the basin by the rainfall. The water of the thirteen ponds
is merely the visible portion of the supply of ground water in this
basin, and to pump from Silver Lake or Tyler Pond would be simply
to draw from the same supply as that from which the springs derive
their water. While each of these two ponds has a capacity meas-
uring over 200 millions of gallons, yet pumping this water would
surely tend to lower the level of the water table, and thus eventually
to decrease the rate of discharge at the springs.



WATER SUPPLY FROM THE DELTA TYPE OF SAND PLAIN.

By W. O. Crosny.

TYPES OF GLACIAL DRIFT.

One of the most important sources of water supply in the glaci-
ated regions of this country is the glacial drift. In New England
and other regions where the rocks are largely crystalline the drift, in
fact, constitutes almost the only source. Of the various types of
glacial drift the till or hardpan is the most abundant and widely
distributed, and in the aggregate vields large amounts of water. It
is, however, the sands and gravels or the coarser parts of the stratified
drift which afford the large and important scurces of supply. There
are many types of these latter deposits, the most common being those
of the following list:

1. Valley or flood-plain deposits of Pleistocene and recent streams.

2. Terrace deposits of Pleistocene streams.

3. Outwash plains in front of moraines and elsewlere.

4, Normal sand plains or delta deposits formed in glacial lakes and other
bodies of standing water.

The last type of deposits is very prominent in New England. De-
tailed investigations of such a delta have been made at Clinton, Mass.,
in connection with the building of the Wachusett reservoir of the
water-supply system of Boston and the metropolitan district. Many
borings were made in this delta. a large number of samples secured,
and some sections made—in fact, an unusually thorough knowledge
of its structure and composition obtained.

The Clinton sand plain (deposited in the glacial Lake Nashua) is
in all respects typical of its class, the essential conditions existing in
it being duplicated in many plains thronghout New England. The
results of the study of its structure and the relations thereto of the
ground water are therefore of interest in showing the possibilities
and characteristies of water supplies in sand plains in general.

Nashua River holds a unique place among the rivers of New Eng-
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land, inasmuch as it is the largest stream east of the Hudson-Lake
Champlain Valley that flows throughout the main part of its course
in a northerly direction. The deep northward-draining valley of
the Nashua presents ideal conditions for the study of the phenomena
of glacial lakes, for probably nowhere in New England was this
phase of the closing stage of the Pleistocene ice sheet more typically
developed.

Although Nashua Valley presents naturally a very attractive field
for the student of glacial geology, it was rendered doubly inviting
by the operations of the metropolitan water board in the construction
of the Wachusett reservoir. This great reservoir, with an area of 63
square miles and a maximum depth of 129 feet, will be formed by
the building of the Wachusett dam across Nashua River and of two
auxiliary dams, known, respectively. as the “north dike” and the
“south dike.” and will reproduce in part the glacial lake which once
adorned the upper valley of the Nashua.

The history of the Nashua series of lakes commenced when the
retreating margin of the great ice sheet first began to uncover the
southern water parting of Quinepoxet River, which unites with the
Stillwater near Oakdale to form the Nashua.

During the earliest stage the impounded water of Quinepoxet Val-
tey found an outlet, at an elevation of about 760 feet, across the
southern water parting. flowing southward to Blackstone River and
Narragansett Bay through the pass now occupied by Chaflin Pond
and traversed by the Boston, Barre and Garduer Railroad.

When the ice sheet released its hold on the Malden Hill Ridge at
the north limit of the ponded body the water fell to the level of the
Boylston stage. finding near Boylston Center an outlet at an eleva-
tion of about 440 feet, through which it passed into the valley of
FLake Quinsigamond and thence to the Blackstone. The opening of
the Boylston outlet involved a change of level of about 300 feet. and
such a complete abandonment of the Quinepoxet area that the two
parts or stages of the lake nowhere overlap, but appear on the map
as entirely distinet and separate bodies of water.

When the ice margin had finally retreated along the eastern water
parting to the pass formerly traversed by the Central Massachusetts
Railroad. 2 miles south of Clinton (to be closed by the south dike),
the level of the lake was lowered about 70 feet, to the Clinton stage
(see fig. 36) : and its waters probably became tributary to Boston
Harbor instead of Narragansett Bay. Concord and Merrimac valleys
being still occupied by ice. This is an ideal outlet, narrow and well
defined. The minimum elevation of the water parting in the south-
dike pass is 365 feet—nearly 370 feet before the construction of the
railroad.
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the gorge from a well-defined ridge of schist comparable with the
cemetery ridges and rising to a maximum clevation of 280 feet, or
within 100 feet of the surface of the Clinton Plain. This relation,
whether fortuitous or not, clearly demands consideration in any dis-
cussion of the origin of the kettles. It appears from the foregoing
that the broken eastern half of the North Dike Plain rests upon an
unusually rugged bed-rock topography, with a maximum relief of
nearly 300 feet and corresponding variation in the depth or thick-
ness of the modified drift; and it may be added that the form of
the bed-rock surface is without appreciable influence upon the con-
tours of the delta, except, perhaps, in determining in some degree
the location and trend of the north-south line of kettles, or ice-block
depressions.

Relations to the ground moraine or till—With a bed-rock topog-
raphy of strong relief, the dominant trends of which are obliquely
transverse to the direction of glacial movement, it might, perhaps,
have been anticipated that the depressions would be deeply filled by
the ground moraine. .\s a matter of fact, however, the borings show
that the valleys, and notably the deep pre-Glacial gorge of Nashua
River, are remarkably free from till; and this notwithstanding the
fact that the North Dike Plain terminates both east and west in promi-
nent drumloids, in which the bed rock is heavily covered with @l
Usually the only thing really suggestive of till 1s a basal layer of
gravel of obviously local origin, and ranging from a few inches to
several feet in thickness. which many of the borings show resting
‘upon the bed-rock surface. This basal gravel. varving from coarse
to fine, but undoubtedly including much coarser material than the
wash-drill samples indicate, might perhaps be interpreted as a washed
till; but, if so. the washing has been singularly thorough, for the
samples show it to be entirely devoid of clay and rock flour, and there
is no apparent reason why it should be differentiated in origin from
the rest of the modified and water-laid drift. West of the cemetery
ridge, however, although the till is restricted to a few thin patches
rarely exceeding 5 fect in thickness for the northern profiles, south-
ward down the sloping bed-rock surface it increases somewhat, and
in the two or three most southerly profiles it is practically continuous
and varies in thickness from 2 to 30 feet.

Collection of boring samples—The borings in the north-dike area
were made with the wash drill (PL VI, 22), which consists essentially
of a strong casing pipe approximately 3 inches in diameter, and the
drill proper or water pipe about 1} inches in diameter. and terminat-
ing at the lower end in a cutting edge with two small holes for the
escape of water. The casing is driven into the ground by a cast-iron
weight which encircles its uppermost length or drivehead, and, fall-
ing freely, strikes on a collar firmly attached to the lower end of the
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drivehead. In this collar is the outlet for the water, which, escaping
from the lower end of the drill, rises in the annular space between the
drill and the casing and brings up, if the head of water be sufficient,
all material loosened by the action of the drill, except pebbles and
stones too large for the channel, or exceeding about 1 inch in diame-
ter. Larger stones are either displaced or broken by the drill or
casing. The ontflowing stream of turbid water discharges into a tub
in which the coarser materials in suspension settle, while the clay and
rock flour are largely washed away with the overflow. At convenient
intervals, and especially when a change in the character of the dis-
charge is noted, the water in the tub is poured off, a sample taken
from the accumulated sediment, and the tub cleaned out preparatory
to the collection of the next sample. In absorptive strata a part of
the water may escape into the ground, reducing the velocity of the
excurrent stream sufficiently so that only the finer detritus is brought
up; or the water may be wholly lost and no sample obtained until the
ground becomes saturated or the casing is driven deep enough to cut
off the thirsty stratum. It has been found also that when the casing
has reached the great body of fine sand and rock flour, of which the
lower part of the deposit is chiefly composed, the drill may be run
down below the casing 100 or even 150 feet, the water rising for this
distance in an uncased well of its own making without collapse or
serious caving of the walls. Of course any enlargement of this un-
protected part of the hole must diminish the velocity of the water
through it, and thus, as in the case of “lost water,” tend to prevent
coarse sand or gravel from coming up and make the samples more or
less incomplete.

The majority of the samples were necessarily taken under the gen-
eral conditions described above, and these are designated as regular
or “incomplete ¥ samples. These were supplemented for certain
borings by special or *complete ” samples, taken by holding a 2-
quart glass jar under the discharge and allowing it to fill but not over-
flow, and then, after the material in suspension had settled, drawing
off the water with a siphon. In cases of persistent turbidity (sus-
pended clay) a few drops of hydrochloric acid were added to the
water to curdle the clay and thus secure a more prompt and perfect
separation. With these precautions the special samples can not fail
to show in due proportion all the materials brought up by the water;
but they are still likely to be imperfectly representative of the deposit
as it exists in the ground when the detritus is coarse or of a composite
(coarse and fine) character, or where any important part of the water
1s lost.  The special samples were taken at regular intervals of 5 feet,
and an extra sample whenever a change in the character of the dis-
charge was noted, thus making sure that no important changes were
overlooked.
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Classification of boring samples—The special samples, with the
regular samples from the same borings, were submitted to elaborate
mechanical analyses and filtration tests, to be described later; but the
regular samples, as a whole, were far too numerous, as well as too
incomplete in character, to justify anything more than a careful
macroscopic examination, with a view to an approximate classification
in accordance with the following scheme:

Classification of wash-drill samples from site of north dike.

-
o

. Superfine sand.
Rock flour.

. Coarse gravel.
Fine gravel.

=1

S N

. Coarse sand. 8. Superfine rock flour.
. Medium sand. 9. Clay.
. Fine sand. 10. Bowlder clay.

The coarser and also the finer grades are, as nsual, highly composite
or have high uniformity coeflicients, while the intermediate -grades,
especially No. 5, have, for reasons to be discussed later, a high degree
of uniformity or relatively low coeflicients. The uniformity coefli-
cient is defined as the ratio of that size of grain than which 60
per cent is finer to that size than which 10 per cent is finer, this ratio
varying inversely as the actual uniformity. A large number of
determinations gave the following as the average or normal maxi-
mum sizes of grain in the four grades between medium sand and
clay: No. 5, 0.45 millimeter; No. 6, 0.28 millimeter; No. 7, 0.16 milli-
~meter; No. 8, 0.08 millimeter. The averages for the uniformity
coeflicients for these grades are as follows: No. 5, 1.96: No. 6, 2.11;
No. 7, 2.25; No. 8, 1.53. These values of the uniformity coefficients
are believed to be essentially normal for grades Nos. 3, 6, and 7, and
technically so for grade No. 8. The values for grades Nos. 7 and 8
(2.25 and 1.533) are, in each case, the average of 38 determinations,
with minimum and maximum values of 1.49 and 3.30 for grade No. 7
and 1.15 and 1.88 for grade No. 8. DBut it is very difficult or practically
impossible to accurately measure the finer particles of grade No: 8,
since they are in their minuteness on the border line of clay; and it
is very obvious that where falling below the technical effective size
(the size than which 10 per cent is finer), or even where aggregating
fess than 10 per cent of the whole, they may still be regarded as an
important factor in determining the real uniformity as well as in
their influence upon porosity and percolation.

General structure—.\ normal delta, built by a swift and turbid
stream in a body of standing water—that is, formed under the con-
ditions existing in a glacial lake—embraces, as shown in fig. 38,
three approximately horizontal beds, which Davig has fitly named the
topsets, foresets, and bottomsets. In the topsets, composed mainly of
coarse material (gravel and coarse sands, grades Nos. 1, 2, 3),
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stranded on the upper surface of the delta, and in the bottomsets,
embracing chiefly the finest silt (rock flour and clay, grades Nos. 7, 8,
9) deposited in the standing water beyond the outer margin of the
delta and subsequently covered, at least in part, by the continued
extension of the latter, the growth is principally in the vertical direc-
tion and the lamination horizontal; while in the foresets, formed on
the growing edge or frontal slope of the delta and made up almost
exclusively of matertal of tutermediate textures (medium and fine
sands, grades Nos. 4, 5, 6), the growth 1s horizontal and the lamina-
tion oblique, the laminae sloping downward in the direction of growth.

The topsets, formed on a surface already aggraded nearly to the
base level, are, in spite of their coarseness, of relatively slight aggre-
gate thickness, and they are likely to be much thinner than the com-
bined foresets and bottomsets, this ratio varying directly as the depth
of the basin in which the delta is built. It would perhaps appear to

0 = —
0 T 7 >
0 . .

F1a. 38.—Diagrammatic section of a typical delta, showing topsets, foresets, and bottom-
sets (Gilbert).

many a natural if not a necessary assumption that the bottomsets also
should be relatively thin. the foresets appearing thus as the dominant
feature of the delta section. The velative thickness of the bottom-
sets must obviously tend to vary directly as the proportion of silt in
the detritus delivered at the head of the delta by the tributary stream
and inversely as the area of the basin beyond the frontal slope of the
delta; and it is clear that the thickness of the bottomsets should
increase from the head of the delta outward because of the increas-
ing time and diminishing area of deposition. _Although these princi-
ples may require some modification as applied to ordinary deltas,
marine and lacustrine, they are believed to be especially applicable to
the deltas of glacial lakes of limited arvea, largely because of their
relatively rapid construction and the consequent sharp delimitation of
the component features.

The well-determined high proportion of silt (rock flour and clay)
in normal drift, averaging more than 50 per cent of the whole, sug-
gests for the limited basins of many glacial lakes an exceptional
thickness of the bottomsets. especially toward the lee sides of the
basins. The full thickness of the bottomsets is rarely disclosed in

e Proc. Boston Soe. Nat, Iistory, vol. 25, pp. 115-140.
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actual sections of important deposits:« but even this fact added to
the foregoing consideration fails to suggest the great depth of the
Lottomsets indicated by the numerous borings in the north-dike seg-
ment of the plain formed in true delta fashion during the Clinton
stage of glacial Lake Nashua.

The borings do not. as a rule, reveal the attitude or dip of the lami-
nation, even when adjacent borings are closely compared: and gen-
eral conclustons as to the relative thickness of foresets and bottomsets
must rest largely upon the assumption that grades Nos. 4+ and §
belong especially to the foresets, and grades Nos. 7 and 8 to the bot-
tomsets, and that grade No. 6 holds an intermediate position, marking
the transition from the foresets to the bottomsets. These assumptions
were sustained by observation wherever, in the course of the engi-
neering operations, the deltas have been sectioned. The most impor-
tant opportunity for direct observation of the structures below the
surface was afforded temporarily during the construction of the north
dike by the primary and secondary cut-off trenches, the former
extending the entire length of the dike and ranging most of the way
from 30 to a maximum of 60 feet in depth. Notwithstanding that
the trend of the cut-off is at most points transverse to the direction
of delta growth, the walls of the great trench showed in general,
below the coarse gravel of the horizontal topsets, southward-sloping
layers of medium to superfine sand, rarely more than 10 to 15 feet
thick. Since the main purpose of the cut-off is to intercept the
relatively pervious topset and foreset beds, it nowhere penetrates
deeply the underlying and highly impervious bottomset strata; and
hence these have nowhere beeu exposed for more than a small fraction
of their thickness.

The low uniformity coeflicient and consequent high porosity of the
niore characteristic material of the foresets seems to find a ready
explanation in the obvious principle that. of the material swept by
the distributaries of the glacial stream beyvond the outer edge of the
delta, only particles of a limited range in size could settle on any
narrow zone of the frontal or foreset slope; and yet it is easy to see
that the material would tend to become finer toward the bottom of
the stope. In the standing water beyond the frontal slope the resid-
uum of detritns in suspension must all settle eventually, with little
or no assorting where the process is continuous, the resulting deposit
becoming thus highly composite. The importance of this principle
in its relations to the storage and movenient of the ground water
in the sand plains of the glaciated area is obvious.

« Investigations of the clays associated with a sand plain at Barrington, R. I., made
by J. B. Woodworth (Reventeenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1896, pp. 987-
988), and M. L. Faller (Jour. {reol., vol. 7, 1899, pp. 152-1462), showed that the bot-
tomset silts may be present in as great or greater bulk than the sands and gravels of the
combined foresets and topsets,
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The theory of the formation of delta plains in glacial lakes requires
that the recession of the stagnant margin of the ice sheet should be
intermittent or characterized by more or less prolonged halts, with,
in general, a rather rapid recession from one halting place to the
next. The essentially stagnant condition of the ice margin is proved
by the rather rare distortion of the delta deposits due to a readvance
of the ice. The glacial streams, superglacial and subglacial, tend
constantly to build deltas in the standing water of the lake, but the
normal form and structure are fully realized only where the ice
margin recedes slowly enough, or halts long enough, to allow the
deposit to be built up to the surface of the water. In other words,
the determining factors are rate of recession, rate of deposition, and
depth of water; and, assuming deposition as constant, the formation
of a delta demands, in general, that the rate of recession shall vary
inversely as the depth of the water, or at least that the rate shall be
low when the water is deep, and practically zero for such exceptional
depths of water as obtained in the north-dike area during the Clin-
ton stage of Lake Nashua. In seeking an explanation of the inter-
mittent retreat and prolonged halts of the ice margin, we naturally
recognize climatic oscillations as probably an important, if not a
principal, factor. The suggestion is ventured, however, that a still
more potent cause may be found in the accumulation on marginal
portions of the ice (as now on the peripheral tracts of the Malaspina
and Bering glaciers) of englacial drift, which has become superglacial
through ablation. Such a covering of drift must retard the melting
of the ice, save, perhaps, where the contours of the latter favor the
occurrence of ‘standing or stagnant water. The condition here pos-
_ tulated appears, also, very favorable to the rapid building of an
extended delta against the ice margin, since it affords an abundance
of material in the most advantageous relation, especially if we assume
superglacial streams as the chief active agency, as apparently we
must with water from 100 to nearly 300 feet deep.

During the recession of the ice margin from the head of one delta
to the head of the next delta of the series, the detrital tribute of the
stream must be spread over the intervening tract as an imperfectly
assorted and stratified, more or less tumultuous deposit of prevailingly
coarse material, passing upward somewhat abruptly into the fine
silts of the normal bottomsets. Thus we find a ready and adequate
explanation of the varying thickness of gravel and coarse sand which
many of the borings show between the bottomsets and the bed rock.
The only wonder is that this record of a shifting ice margin is not
more continuous, The observed facts and the natural tendencies
seem, however, to leave us no alternative but to accept these basal
accumulations as a normal feature of glacial deltas, a feature, too,
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which in its relations to the ground water must, notwithstanding its
lack of continuity, be somewhat comparable with the foresets.

Effect of ground-water circulations—In the borings in the North
Dike Plain there were encountered at depths ranging from less than
10 to 183 feet numerous layers of iron-stained or cemented sands and
gravels from thin lamine up to beds 55 feet in thickness, the latter
probably, however, being composite in character. The materials
commonly occur between relatively fine and impervious beds. The
material is often of recent deposition, as indicated by the strong
ochery color imparted to the water used in drilling, and appears to
have been deposited along the course of subterranean drainage by
waters passing downward through surface mold and muds and carry-
ing ferrous carbonate derived from the soil and eventually changed
to the ferric hydrate. The deposits occur anywhere from the surface
to the lower limit of free drainage, but are discontinuous and patchy
because the subterranean drainage is located in rather definite courses.
They belong largely to the freely draining topset and foreset layers
and are seldom represented in the bottomset layers, in which the water
is relatively stagnant. DBesides the ferruginous material just de-
seribed there are considerable amounts of drift above the main water
table in which a buff tint has been developed by oxidation of the
contained iron or of the ferrous carbonate introduced by the ground
water. The oxidation is not entirely dependent upon a position
above the ground-water level, but is limited to the coarser and more
pervious portions of the drift which, remarkable as it may seem, may
be oxidized even below the level of the water table, while the firmer
portions are often unoxidized even when near the surface.

WATER PROBLEMS.

Relations of the water table—The North Dike Plain is so com-
pletely interrupted by the cemetery ridges as to destroy the continuity
of the water table, and in no respect is the contrast of the easterly and
westerly portions of the plain more marked than in their relations
to the level of the ground water. For the easterly portion this level
is, of course, determined by the ponds, and it is interesting to note that
before the conditions were disturbed by the construction of the north
dike the minor isolated kettle ponds were in substantial agreement
as to water level with the Sandy-Coachlace basin. Above this level
(about 334 feet) this part of the plain consists chiefly, and at most
points wholly, of the foreset and topset beds, and the former espe-
cially are in general so highly pervious as to be without appreciable

o For complete descriptions of the ferruginous materials, buff and oxidized drift, etc.,
see Techn. Quar., vol. 17, pp. 64-67.
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mfluence upon the water table, which is continued through them for
long distances without sensible gradient or change of level. Where,
however, the bottomsets or sediments of finer textures and higher
uniformity coefticients than grades Nos. 5 er 6 rise above the pond
level the water table promptly rises, attaining a maximum elevation
of at least 365 feet and a maximum gradient of 5 to 6 per cent. We
must assune cross bedding of the foresets with alternating, more or
less pervious, sloping layers as a general fact, and observation shows
that in spite of this the water table is a nearly level plane wherever it
cuts this middle zone of the delta.

West of the cemetery ridges, where the North Dike Plain has its
most continuous and perfect development, the relations of the water
table are distinctly different. Its normal level seems to be 365 to 370
feet, with an extreme range of 360 to 375 feet, and averaging 30 feet
higher than the level of the ponds to the north and east. Although
highest to the north and tending to sink with the plain to the south,
the level is, in the main, remarkably uniform and paraltel with the
surface at depths of 10 to 20 feet. The ground water is virtually
impounded by high land to the west, the cemetery ridges to the east,
high bed rock to the north, and the rising and impervious bottomsets
to the south. The latter barrier especially prevents the water from
escaping freely through the valley of Cunningham Brook to Nashua
River. The impounded or almost lake-like condition of the ground
water affords but little opportunity to note the influence ot the vary-
ing sediments upon the water level, especially since it is at nearly all
points held well above the bottomset beds.

Lost water—We have noted that in porous and absorbent strata,
especially above the level of the ground water, the water escaping
from the drill may be partly or wholly absorbed, and thus fail to
return to the surface. This phenomenon, as we should expect, is
well-nigh universal in the coarse and pervious topset and foreset
beds above the level of the ground water. But it also often recurs at
various depths down, perhaps, to the bottoms of the deepest borings,
and it is undoubtedly the most serious difficulty with which the drill
men have to contend, and frequently necessitates driving the casing
in advance of the drill.

Below the water level the loss of water may be attributed, in many
cases, to the simple difference of head, the water standing at a
higher level in the drill or casing than in the ground, and thus
tending to escape into the latter. But, as the boring profiles clearly
show, the deeper strata in which the water runs away are usually
interstratified with relatively or practically impervious beds of super-
fine sand and quartz flour, often of considerable thickness. We may
usually suppose that the water escaping into such intercalated beds,
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however great the depth, simply causes an equivalent amount to
overflow on the water table at the point, however remote, where the
bed in question is intersected by that surface. In many cases, how-
ever, the avidity and completeness with which the water is absorbed
suggest what may be called * thirsty beds "—that is, pervious strata
inclosed by mmpervious material to such an extent as actually or
virtually to 1solate them from the free-moving ground water above,
while in their downward extension they may connect with some body
of coarse gravel, possibly pertaining to an earlier ice margin, having
more or less free drainage at a lower level, and thus tending to
deplete or exhaust the water of tributary beds. This hypothesis has
been found requisite to explain some of the hard-packed sands
encountered in the north-dike borings:e and as an explanation of
the *lost water,” it possesses the great advantage of not requiring
the prompt movement of a long column of water through material in
which the friction, added to the nertia of the water, would tend, by
loss of head, to minimize the result. In other words, the thirsty
sand is right at hand, and not at some remote point perhaps scores
or hundreds of feet above the point of escape of the water. This
explanation really postulates a localized water table, limited to a
single stratum, and far below the normal level of the ground water;
but that these conditions do actually obtain we seem to have inde-
pendent evidence in the “brown”™ or iron-stained sands to be
described later, as well as in the hard-packed sands. The explana-
tion might appear to accord best with the general fact that after a
time the lost water returns—that is, ceases to run away. But for
this phenomenon we have, perhaps, a simpler explanation in the
natural tendency of the escaping water to close the interstices of the
sand. and thus prevent its own escape. Again, this explanation is in
harmony with the fact that loss of water 1s unusual below the general
drainage level of Nashua Valley north of Clinton (elevation 200 to
250 feet) : and the apparent exceptions may, perhaps, best be ex-
plained as due to the continued escape of the water through some
higher previous stratum where the drill has gone below the casing, or
even where it has not, since the water sometimes manifests a strong
tendency to work its way up outside the casing.

It appears, then. that © lost water ™ may require, in different cases,
three explanations: First. direct absorption by porous materials above
the normal water table: this cause is nearly universal, though not
always leading to a total loss, and often operates more or less con-
tinuously from the surface of the ground to the level of the ground
water.  Second. indirect absorption by porous materials above the
normal water table, through the medium of intercalated porous strata.

e Techn. Quar., vol. 15, pp. 260-264.
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Third, absorption by intercalated porous strata above a local low level
of the ground water, determined by a relatively free drainage connec-
tion with a lower part of the valley.

Springs—A common incident of the borings along the southern
margin of the North Dike Plain, especially in the westerly portion,
where the development is more continuous and normal, and after the
drill has penetrated the relatively impervious bottomsets, is a more or
less vigorous artesian flow, the ground water rising from a foot or two
to 10 or 15 feet above the surface. This phenomenon is known by the
drill men as a “spring.” The artesian flow attains its maximum
height above the surface when the boring is located in a kettle or other
depression, and it never rises above the level of the head or northern
edge of the plain. This flow is entirely independent of the head of
water used in operating the drill. It usually subsides, partly or
completely, spontaneously within a few minutes, although it may
continue unabated until the water-bearing stratum has been cut off
by the casing. As the profiles show, this phenomenon may be repeated
once or many times in the course of a deep boring. That the spring
is a true artesian flow is unquestionable, for it is never observed while
the drill is above the normal water table, and only when the boring
intersects pervious strata intercalated in impervious sediments, the
pervious strata being supposed to be, and in many cases proved to be,
continuous to the surface.

As indicated, the relations of the springs to the structure of the
north-dike delta are most fully and clearly exhibited in the west-
erly portion, the north-south profiles of which show that the springs
are strictly limited to the southern part of the plain; that they occur
only in a thick and continuous series of bottomset strata; and that
the elevations at which they occur increase to the southward with
increasing elevation and depth of the bottomsets. In spite of their
generally fine and impervions character, we must suppose that the
bottomsets include some relatively pervious beds, which are. natu-
rally, continuous upward and northward with still more pervious
foreset beds. Southward these beds must become gradually finer and
less pervious and die out as artesian horizons, and thus we find that
the lower as well as the upper limits of the springs tend to rise to
the southward. :

Lost water and springs are terms denoting phenomena of distinetly
opposite character, and for their interpretation we have in part
assumed corresponding structural conditions, namely, limited per-
vious beds with free drainage in the case of lost water, and without
free drainage in the case of springs. That these conditions actually
exist may not be questioned, since they accord perfectly with the
natural probabilities of the case, and since the two phenomena rarely
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concur even appro’ximately. the springs occurring normally at lower
levels in any given boring than loss of water, although the latter
may now and then recur below the lowest spring, especially with
borings of only moderate depth.

Even in borings in Coachlace Pond, water was frequently lost at
depths of 25 to 100 feet, although the head of the water in the drill
above the ground water in the bordering plain must be little or
nothing. This seems to prove quite conclusively that the water is
absorbed by thirsty or exhausted strata, and does not rise in saturated
strata to overflow on the water table.

GENERAL CONCLUSIONS.

The conditions of deposition of a normal delta in a glacial lake
determine for the relatively thick series of foreset beds a high degrec
of uniformity and consequent porosity; and for this series the rel-
atively thin bottomsets form an impervious floor and the still thinner
topsets a cover which, by virtue of its coarseness, permits the absorp-
tion of the total rainfall and minimizes loss by capillary flow and
evaporation, both the composition and structure of the delta favoring
extensive storage of water in the foresets.

Probably the most important distinction to be recognized among
the deltas of glacial lakes is that based upon areal relation of the delta
to the lake. Where this ratio is large, or the delta virtually fills the
basin of the lake, as in the Clinton example, the bottomsets are likely
to be relatively thick and to limit the development, at least in thick-
ness, of the foresets. On the contrary. if the areal ratio is small, as
in the case of a delta of limited area in a relatively large basin, the
relation of the foresets to the bottomsets, and of both to the ground
water, will be radically different. In the latter case, especially, the
topographic relief and distinetness of the delta, where uneroded, at-
tain their maximum development; and the highly pervious foreset
and topset beds are then most likely to be free draining, the water
table being relatively low and the storage capacity of the delta as a
whole at a minimum.

The storage, as noted. must obviously be chiefly in the foreset beds,
and these are likely in any case to be protected against loss by the rel-
atively impervious bottomsets, not only downward but laterally as
well, in the case of a delta in a basin of relatively limited area. This
case is admirably illustrated by the westerly portion of the North
Dike Plain, where, through the influenc: chiefly of the inclosing bot-
tomsets, the water table is held high above the normal drainage level
of the district, and the chief loss of water may be assumed to be back-
ward through the abrupt and irregular ice-contact slope.

IRR 145—05 M—=—12
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Although the foresets must be assumed as subject to considerable
variation in texture from layer to layer, it is probable that in any nor-
mal example they are throughout so readily permeable as to exert lit-
tle influence through their structural relations upon the level or move-
ment of the ground water, which simply fills them as it might an
ordinary reservoir.

It must be noted. however, that, as the north-south profiles of the
North Dike Plain clearly show, the foresets, in consequence of the
diminishing power of the distributaries of the glacial stream, tend to
become finer away from the head of the delta in the various direc-
tions of its growth. This fact, as well as the greater abruptuess of
the north or head slope, indicates, in spite of the southward-sloping
structure planes, the chief loss of water of a free or uninclosed delta
in the former direction. The most obvious exceptional cases would
be where the delta heads against slopes of rock or till, or is closely
joined by the bottomsets and foresets of the next later delta of the
series.

Downward, the foresets must blend irregularly with the bottom-
sets, certain beds apparently retaining the relatively coarse and per-
vious character for a considerable distance after assuming the approx-
imately horizontal attitude of the bottomsets. Thus are established
the conditions favoring artesian flows and “springs,” or favoring
“lost water,” hard-packed sand, and ferruginous layers if the inter-
bedded pervious layvers persist and find an outlet at a lower level.

The movement and storage of the ground water may, therefore, be
regarded as highly differential and complex in the basal and frontal
portions of a delta, while relatively uniform and simple in the top-
sets and the main body of the foresets.



WATERS OF A GRAVEL-FILLED VALLEY NEAR TULLY, N. Y.

By Grorer B, HorLisTeR,

INTRODUCTION.

General statement—The vallev whose waters are considered in the
present paper is located a short distance northwest of Tully. in
Onondaga County.  On both sides the walls rise to heights of from
1,500 to 1,900 feet, or from 800 to 1,200 or more feet above the rock
bottoni, which i the vieintty of Tully is buried beneath 500 feet or
more of gravels deposited in front of a glacial tongue when its front
rested about 2 miles northwest of that town (fig. 39). The portion of
the valley occupied by the ice is the relatively unfilled part north of
the point indicated, lying mainly below the 900-foot level.  The steep,
northward-facing. irregular gravels represent the position of the ice
front, while the relatively flat plain sloping to the south is built up
of sands and gravels deposited by streams leading out from the ice
margin.

In view of the fact that the conditions are similar to those in many
other valleys in New York and elsewhere in the glacial region, and
can, therefore. be considered as representative of a type, it has been
thought desirable to present in this report the results of a somewhat
detailed study of the quantity and quality of the water supplies in
its deposits.

DESCRIPTION OF TITE DEPOSITS.

The general character of the deposits has already been indieated.
The southward-sloping plain extends southward through the Tiough-
aioga Valley to Cortland and bevond, being characterized in the
vieinity of Tully by a subdued morainal surface with depressions
occupied by ten or twelve lakes of «izes varying from a few feet to a
mile or more in length. Some of them, notably Crooked and Song
lakes, have no visible outlets.
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Sections in ravines and gravel pits in the northward-facing exearp-
ment show the material to be composed of gravels, sands, and clays.
In a gravel pit on the road leading northward out of the slope on its
westward edge at about the 1.160-foot contour, the gravels are rudely
stratified and show a decidedly northerly dip. At about the level

¢

Fig. 39.—Sketch map of vicinity of Tully, N. Y.

SCALE OF MILES
7 |

Contourinterval 50 feet
sGaging stations

of the 1,140-foot contour 1s
found a deposit of finelv lami-
nated blue clay which outerops
an both the eastward and west-
ward ends of the fill at this
elevation and appears to be con-
tinuous across 1its entire face.
Above the clay are thin bog
deposits with layers of gravel 2
or 3 inches thick and above the
latter a bed of calcareous tufa
from 8 to 15 feet thick. The
clay is practically impervious
and limits, at least to a large
extent, the downward pércola-
tion of water through the
gravels,

WATER SUPPLIES.

SPRINGS.

Discharge—~A large number
of copious springs issue from
the northward-facing escarp-
ment immediately above the
belt of blue clay, occurring at
intervals all the way across the
vallev.  Ten of the streams
formed Dby the springs were
measured at short distances
below thelr spurces on Novem-
ber 7, 1904, by Mr. John C.
IToyt, of the United States

Geological Survey, to ascertain the approximate total seepage from
the glacial material northward. The locations of the measuring
points are noted on fig. 39, and the discharge of the various streams

and springs was as follows:
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Dischiarge of spring-fed streains near Tully, N. Y.
Second-feet.

No. 1o 0. 26
No. 2 e L 04
No. B JE R . I .18
No. 4o 1.33
No. b ______ e S, .09
No. 6______ . __________ S, e U 1. 05
NO. T .68
No. W0 ___ [ S 1.23

Aside from the above surface flow, spring No. 1 delivers. through a 2-inc¢h
pipe, approximately _________ e S LTS
Spring No. 2 delivers, through a 4-inch pipe, approximately_____________ 1. 25
Total .- __ S 7.46

Chemical character—The relatively large amount of caleareous
tufa which was observed on the northward-facing escarpment called
attention to the highly impregnated character of the water of the
Tully Springs and made it desirable to investigate this feature move
fully. Not only was the deposit of tufa found, but calearcous de-
posits were also observed wherever water from spring No. 1 had
splashed on the ground near a large metal kettle at the roadside, into
which its water 1s conducted through a pipe.

LAKES.

Description.—The lakes of the area naturally divide themselves
into two distinet series. Song. Crooked, and Mud lakes have no
visible outlet, but the latter two receive the run-off from the adjacent
shale hill on the west; they form the first series. Big and Green
lakes form the second series. They have a tributary stream feeding
them from the eastern hills and the Tully Valley and discharge into
the west branch of Tioughnioga River at the southern end of Big
Lake.

Chemicel character—On November 19 aud following a series of
camples were taken from springs No. 1 and No. 2 and from the
various streams heading above the clay deposits referred to above, as
well as from the lakes lyving in the depressions of the moraine just
south of the crest of the escarpment. Big Lake was sampled in
rapidly flowing open water at its outlet. Soug Lake, which lies with-
out appavent inlet or outlet, was sampled at its northerly and south-
erly ends. .\ narrow strip of low marshy land connecls it with
Crooked Lake and indicates sluggish communication between the
two. Another sample was taken at the southern end of Crooked
Lake in a small circular basin separating it from the main lake by a
narrow bar. .\ sample was taken from the hillside streams tributarv
to Crooked Lake, about 250 to 260 feet above its surface, and another
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sample at the north end of Crooked Lake at its outlet, a sluggish
stream flowing northward into Mud Lake. Mud Lake was also
sampled near its outlet into the small body of water still farther
north. From the northern and southern ends of Green Lake samples
were taken, which, with those seeured from the springs and streams
flowing down the escarpment. completed the series.

The analysis of the samples. principally for chlorine and alkalinity,
reveal conditions of peculiar interest. The samples taken from the
series of lakes without surface drainage. viz, Song, Crooked, and
Mud, are comparatively low in chlorine and alkahinity as caleium
carbonate, except the small and most northern of the series, lying at
the crossroads 11 miles west of Tully Center, whose alkalinity
registered 91, between three and four times that of the others. On
the other hand, in the second series, Big and Green lakes, the chlorine
about doubles and the alkalinity increases to five or six times that of
the western chain, heing 89 and 115 for the north and south ends of
Green Lake and 121 for Big Lake at its outlet. This is the more
remarkable when it is remembered that Big and Green lakes drain
into the Tioughnioga, while the others are without surface outlets.

Another feature of interest is that the analysis of water from the
stream which drains the shale hillside into Crooked Lake shows about
the same chlorine and alkalinity as Crooked Lake itselt, indicating
quite clearly that Song, Crooked, and Mud lakes are fed by surface
tlow and subsurface seepage from the adjacent shale hills and have an
outward flow through the swrrounding gravels, which keeps them
relatively soft.  On the other hand. the much greater hardness of Big
and Green lakes, 1 spite of some surface drainage which they receive,
indicates an easy interchange between the waters of those lakes and
the ground water or possibly an eastward seepage from Song and
Crooked lakes, during which the latter waters take up large quan-
tities of calcium carbonate and sodium chloride from the glacial
material.

The seepage waters forming the escarpment spring and streams
likewise show a high percentage of chlorine and alkalinity, even
higher in some cases than Big and Green lakes, indicating a still
greater concentration of salts. Spring No. 1, on the ecast side of the
moraine, had a chlorine content of 5.2 and alkalinity of 89. Tt is
interesting to note that this spring lies about due north from Green
Lake and that its waters analyze the same as those of the lake.

Spring No. 2, near the western side of the moraine, showed an alka-
linity of 182, a very high percentage, while the streams on the western
and central parts of the moraine showed alkalinity of 105 and 160, re-
spectively. It 1s noteworthy that the alkalinity decreases as the
western side of the valley is approached-—where the softer seepage
waters from the hills are more strongly felt.
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Analyses of stream, luke, und spring water near Tully, N. Y.

LAKES DRAINING NORTH: NO SURFACE OUTLET.

| R Y

'

Anal- l
31?;3 5 Tron. gllllleou ﬁrlxlé% SUngites Remarks.
(— I
12 | Trace 2 2 | 0 South end Song Lake.
13 | Trace 2 17 0 North end Song Lake.
14 2 22 | Trace. South end Crooked Lake.
16 Trace 2.8 22 | Trace. ' Outlet (north end) Crooked Lake.
v Trace 2 30 Trace. Mud Lake near outlet.
25 ’ Trace 2 91 i Trace. } Pond at erossroads west of Tully Center.
STREAMS AND SPRINGS NEAR TULLY,
15  Trace. 2 ‘ 23 ‘ Trace. Stream from shale hill west of Crooked
Lake.
20 Trace. | 5.2 “ 89 Heavy ‘ Spring on eagtern partof moraine north
trace. of Green Lake.
21 ' Trace. | 4 105 0 | Stream on western part of moraine.
22 } J 1.5 160 } ,,,,,,,, Stream near center of moraine.
23 0 4 182 Heavy  Spring near center of moraine.
; trace. ’
24 0 r 2.8 ‘ 160 | Trace. Head of stream (same as No, 22) near
) ( center of moraine. Sample taken 150
i yards north and 15 feet below No.25.
LAKES DRAINING SOUTH.
19 ! Trace. ‘ 5.2 ' 89 ) Heavy  North end of Green Lake.
trace.
l |
18 Trace. 6 | 115 | Heavy Outlet (south end) Green Lake.
| trace. -
1 0 3.5 121 | Trace. } Outlet (south end) Big Lake.

@ In parts per million.
b Alkaline carbonates reduced to an equivalent of calcium carbonate. DI’arts per
million. -

SUMMARY.

The presence of a large amount of underground water is revealed
near Tully, N. Y., by numerous vigorous springs which occur on a
northward-facing glacial escarpment, just above a heavy blue-clay
deposit, approximately 1,140 feet above tide and about 100 feet below
the crest of the morainal plain. These springs feed strongly flow-
ing brooks which unite to form Onondaga Creek. From measure-
ments made with current meter on November 7, 1904, the outflow of
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these seepage waters was found to be about 7.46 cubic feet per second,
or approximately 4,847,000 gallons in twenty-four hours.

These waters when tested were found to be exceedingly high in
alkalinity and chlorine, as was indicated by the occurrence of a
thick bed of calcareous tufa from 8 to 15 feet thick just above the
clay deposit.

Other evidences of like physical characteristics of the ground
waters were also found in the Tully lakes which lie just south of the
escarpment edge in a well-developed kettle moraine. Here Song,
Crooked, and Mud lakes, which border the hills on the western side
of the valley, though without snrface outlet, are kept comparatively
soft by the surface and seepage inflow of soft water from the hillside,
while Big and Green lakes, which lie in the center of the valley well
surrounded with glacial material., have relatively high alkalinity
and chlorine, though they drain into the Tioughnioga River with
swift discharge.

The marked difference in character of water in these two sets of
lakes seems to point to the probability that subsurface water passes
eastward from the Song and Crooked lakes series, throngh the glacial
gravels, and, after becoming highly impregnated with caleium car-
bonate and sodium chloride by contact with the glaciated material,
appears in the easterly—or Big and Green lakes—series greatly
altered. The subsurface waters in this region in general, from what-
ever source, take up large quantities of the salts found in the glacial
débris and appear highly charged with them in the various lakes and
springs. .



NITES ON CERTAIN HOT SPRINGS OF THE SOUTHERN UNITED
STATES.

By Wavrter Harvey Weep.

INTRODUCTION.

The importance and economic value of the natural hot waters of the
United States as a factor of our natienal wealth 1s much greater than
is generally vealized. In some instances the waters are utilized on a
Iarge scale for heating, and in others they are bottled for shipment as
table waters or are valuable as a source of carbonic-acid gas. In the
majority of cases, however, the money spent by visitors, either sick or
well, attracted solely because of the hot waters, forms a perennial
source of wealth to the local community. The amount of money thus
annually expended is very large. far larger, indeed, than is generally
conceived, but in our own country it is difficult to estimate closely the
amount. It has been stated in Germany that the money brought into
the country and spent at Carlsbad and the lesser ¢pas exceeds in
amount the total value of the mineral production of the Empire. The
waters of this country are as varied and as valuable as these of Ger-
many and when accompanied by the diverse attractions seen at the
various springs of France and Prussia will probably be as popular,
though as vet the appreciation of the pleasure and health-giving
results aceruing from a visit to any of them is not general.

OCCURRENCE OF SPRINGS.
DISTRIBUTION.

The distribution of hot springs in the United States coincides very
closely with that of the mountain uplifts. They are found in the
Appalachian region of the Atlantic border, but are lacking in the
Mississippt Valley and Great Plains regions except where the monii-
tain uplifts—that of the Ozarks at Hot Springs, Ark., and the Black
Hills at Hot Springs, S. Dak.—rise above the general level. In the
Rocky Mountams, Great Basin, and Pacific coast regions hot and even
boitling springs are very common, especially in connection with areas
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of recent volcanic action. Though the Western States contain great
pumbers of thermal springs, only the most prominent ones are gener-
ally known, and information about even these is confined to a state-
ment of the temperature, sometimes accompanied by an analysis of
the water, made in a commercial laboratory. Such geologic notes as
have been made upon these western springs will be presented in a
paper to be published later.

GEOLOGIC RELATIONS.

The thermal waters of the Atlantic border States are none of them
of very high temperature, but they are widely known for their
medicinal value, and practically all of them are utilized for health
and pleasure resorts. The Virginian springs are the best known
and longest studied. According to W. B. Rogers, whose classie
researches on Virginia geology laid the foundation for our present
knowledge of the region, the springs are confined to the Appalachian
province, where the warm waters usually outflow from the western
side of long anticlinal folds, especially the greater and overturned
arches, whose erosion exposes the oldest rocks. There is as yet no
reason to doubt the explanation offered by this geologist that the
springs owe their heat to the normal downward increase of tempera-
ture of the earth’s crust, surface waters having penetrated to con-
siderable depth and ascended long faults and slip planes of the
folded strata. There 1= however, a lamentable lack of exact data
concerning any of the \\ppalachian springs. Statements arve freely
made that the temperature does not vary and that the discharge is
constant from season to season. but as no systematic records of
temperature or of discharge appear to have been made, the acenracy
of such statements may well be questioned, especially as it is well
known now that in European springs formerly considered constant
marked changes occur, not only from year to vear, but from season
to season. The highest temperature of any of the waters of the
Appalachian region is that of the Boiler Spring, at the Hot Springs
of Virginia, which is stated to be 106°.  More commonly the springs
of this region do not exceed 90°. At the hot springs of North Caro-
Iina, situated on the western side of the mountain region, the geologic
conditions have been carefully investigated by Keith. though with-
out reference to the hot springs. The temperature of the water is
here as high as 104°, and the spring comes up along a fault plane,
affording a quick exit for waters which have seeped down through
permeable sandstones to considerable depths, the throw of the fault
being about 6,000 feet.

e Keith, Arthur, Description of Asheville, N. C., district: Geologic Atlas U. 8., folio
116, U. S. Geol. Survey, 1904.
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WARM SPRINGS OF GEORGIA.

The only thermal waters of the Southern Atlantic States known to
exist, outside of the .\ppalachian region, are those of Warm Springs,
Meriwether County, Ga. As information on these springs is scanty,
and as the location, favorable climatie conditions, character of water,
etc., all indicate their development into a great winter resort, some
detailed notes are given herewith.

Location—~The Warm Springs of Georgia are situated about 85
miles south-southwest of Atlanta, along the branch line of the South-
ern Railroad running from that city to Columbus. The place is in
the Piedmont Plain, whose gently undulatory surface runs eastward
to the coast and southward to the lowlands of Florida. .\ long, low,
wooded ridge, called Pine Mountain, rises above the plateau and
forms the most conspicuous feature of this part of the State.  As the
region 1s unmapped the extent and relations of this ridge, said to
be nearly 70 miles long, are as vet undetermined.

Geology—The hot waters 1ssue from the north base of a spur of
Pine Mountain. The region surrounding Pine Mountain is under-
lain by micaceous schists with a general northeast-southwest foliation
and steep dip. A few miles north of the springs these rocks are cut
by an intrusive mass of granite, a prong of the great granite mass of
central Georgia.® The schists are deeply weathered and mantled by
red clays, but stream courses and railway and road cuttings afford
exposures showing the nature and structure of these earlier rocks.

Pine Mountain is formed of sandstones and sandy shales. The
summit 1s strewn with blocks of gray sandstone; the gulches show
alternating beds of laminated sandstones and shales, often friable and
loosely cemented. The general strike of these beds is with the ridge
or mountain and the enrving strike and steep dips near the springs
(28°) show an anticlinal folding, the hot waters issuing from along
a fracture at the base of an offshoot or spur of the main mountain
mass. This fracture line coincides with a bed of well-indurated
quartzite, and its course 1s marked by several small outflows of warm
water besides the great springs supplving the bathing establishment.
That faulting occnrs is shown by the polished and striated surfaces
on the quartzite ledges along the base of the slope, and it is note-
worthy that these features are less marked and disappear a short dis-
tance away from the springs. This quartzite is underlain by more
friable beds exposed along the roadside to the hotel and covered by
similar rocks seen to the east.

The structural conditions indicate an ascent of the head water along
an open channel in a great fracture. There is no doubt that if ordi-

« Watson, T. I., Granite and granite gneisses of Georgia: Bull. 9 A. Geol. Survey
Georgia, 1904,
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nary ground waters penetrate slowly to a sufficient depth they will
be heated by the normal increase in temperature of the earth, a fea-
ture encountered m all mining operations. With sufficient head and
an open conduit, permitting rapid ascent, they will rise to the sur-
face and issue as hot springs. " The Georgia springs, therefore, pre-
sent no unusual featnres, save their occurrence outside of the area of
Appalachian folding and their remoteness from recent igneous in-
trusions. Assuming a mean temperature of 60° F. at the locality, and
a heat increment of 1° I. for each 60 feet of depth, the temperature
indicates an ascent from a depth of about 1,600 feet below the present
surface, a very moderate depth.

Composition—An examination of the hot waters made on Decem-
ber 1, 1904, showed a temperature of 87° F. and a faintly alkaline
reaction. Sulphuretted hydrogen was tested for but not found.
There was not enough carbon dioxide present to be noticeable, the
water being lmpid and tasteless, but not flat.

No analysis has been made of the water by the Survey, but in the
following table the result of an analysis made for and published by
the owner is compared with an analysis of the water of Hot Springs,
Ark.  As will be seen the waters are almost identical, but the Arkan-
sas water is hotter (temperature 146° F.) and deposits carbonate of
lime about the outlet; the Warm Springs water forms no deposit and
no old hot-spring deposits occur.

Analyses of waters of the Warm Springs of Georgia and Hot Springs of
N Arkansas.

[Grains per United States gallon.]

Solids, dissolved. I 1L

Carbonate of lime ___________ ... ... ... 6.099 ; .14
Carbonate of magnesia_ ... ... ... .... . . 097 1.03
Carbonateofiron_______ ... . .. .. ... B . 087 .06
Sulphateof ime ... .. . . . ... ____ . __ 553 ...
Sulphateof soda ... .. ... . . 862 .42
Sulphate of potash ... 26|19
Chloride of sodivm __.. ... ... . . 011 ! .24
Alumina - oo il .462 I Trace.
Silica. ... ... ... e e 1.410 2.59
Organic matter and combined water. ... ______________________ 865 ...
Todime ... Trace. ' Trace.
Bromide.. .. . Trace. Trace.

Total solids dissolved _ ... . .. ... _______. ___ 12.512 11.74

Analysis . —Water of Warm Springs, Georgia, analyzed by H. C. White. State chemist.
Analysis II.—Water of Old Hale Spring, Hot Springs of Arkansas, State Geological Survey.
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Discharge~The discharge of the Warm Springs has been accu-
rately determined by the engineers of the United States Geological
Survey and found to be 1,892 gallons per minute.

HOT SPRINGS OF ARKANSAS.
REGION OF THE IIOT SPRINGS.
CHARACTER AND LOCATION.

The most famous and most frequented health resort of the United
States 1s probably Hot Springs. Ark.. a city of about 12,000 perma-
nent inhabitants that has grown up about the hot springs of the place,
and exists wholly upon the money spent by the visitors to these
springs. Originally a resort only for the sick and suffering. it has
grown to be a great pleasure resort. and is practically the only one of
the American resorts that is comparable with the great European
spas In the attractions and diversions offered to visitors. The hot
springs themselves and the mountains near by are the property of
the United States Government, a fact not, perhaps, generally known.
As a result the hot waters are carefully guarded against pollution,
and equitably distributed to bath houses. whose luxurious appoint-
nments exceed those to be found anywhere else in the United States.

The Hot Springs of Arkansas are situated in the geographic center
of the State, 50 miles distant from Little Rock, and about 75 miles
cast of the Indian Territory line. The locahity is accessible by the
Tron Mountain Railway and the Choctaw route, both of which run
through cars from the large cities of the country. The location is
(00 feet above sea level and lies at the easterly base of the mountain
complex known as the  Ouachita Range,” the near-by peaks of which
are often called the ** Ozark Range.” although that name really
applies to the mountains in the northern part of Arkansas and the
southern part of Missouri.

ITISTORY AND MANAGEMENT OF HOT SPRINGS REGION.

The Arkansas Hot Springs have been known since the early settle-
ment of Louisiana. \lthough it is only a legend that they were vis-
ited by De Soto on his trip to the Mississippi, there is no doubt that
they were used by the Indians before the advent of Columbus, as
abundant evidence was found in early days that the Indians quar-
ried the dense rocks near the springs for arrowheads and spearheads
and utilized the waters for bathing.

In 1804 two members of the Lewis and Clark exploring expedition
visited the place and found that white visitors had already used the
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waters for bathing. In 1818 the lands on which the springs are
located were ceded to the General Government by the Quapaw
Indians and became afterwards a part of the Territory of Arkansas.
‘The ground about the springs was located by various claimants before
the organization of the Territory of Arkansas, but by act of Congress
the springs and the ground about them were reserved in 1834 for the
United States Government, thus making the first national-park res-
ervation in the country. Owing to the claims made by varions par-
ties to a private ownership of the springs, they remained in the pos-
session of the claimants until the United States Supreme Conrt
decided in favor of the Government in 1877.

Under acts of Congress the mountains adjacent to the springs ave
permanently reserved for pavks, the hot waters are piped to various
bath houses, and the supply 1s under the control of a superintendent
of the Hot Springs Reservation, appointed by the Secretary of the
Interior. The regulations now preseribed by that Department pro-
vide for a rental of land used by various individuals and for the pay-
ment of 830 per year for each tnb used by bathing establishments.
The income is used for the payment of administrative expenses, for
the maintenance of a free bath honse, for building roads and path-
ways on the mountains back of the springs and the adjacent monn-
tains, and for gardening. The receipts amount to about $18,000 per
vear. The superintendent is charged, under supervision of the Sec-
retary of the Interior, with the care of the entire reservation as well
as its protection and improvement. It is therefore policed and
improved by the Department. The results achieved by this wise sys-
tem speak for themselves in the beautiful driveways, picturesque
walks, and fine flower beds, which add their charm to the natural
beauty of the place.

TOPOGRAPHY OF HOT SPRINGS REGION.

Central Arkansas consists of a low-lying, nearly level eastern por-
tion and a hilly or mountainous western region. The first region
extends from Mississippl River westward to Little Rock, Benton,
and Malvern. The hilly country of the Ouachita Mountain system
begins just west of the Iron Mountain Railway, where it has a width
of 36 miles, and extends westward, gradually narrowing as it
approaches Indian Territory. The eastern level country is part of
the Tertiary Mississippi Valley region. The western hilly country
consists of a central complex of hills, flanked by sharp spurs and
ridges, which extend outward into a much lower country of slight
relief. This hilly country is dignified by the name of the ** Ouachita
Mountain system,” the ridges rising gradually in elevation westward.
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The lower country near the springs, upon which a considerable
part of the city is built. is a dissected plain in which broad plateau
fevels alternate with shallow drainage courses that are tributary to
Hot Springs Creek.

The climate of the region is a mild one, lacking both the extreme
heat of summer and the cold of winter. In the summer months the
air is tempered by the breezes from the mountains, and in winter
the average temperature is very slightly below that which prevails
at New Orleans and other southern cities. Flowers and shrubs of
semitropical character grow in the open air, but the occasional frosts
of winter are so sharp that a strictly semitropical vegetation will not
exist.

GEOLOGY OIF HOT SPRINGS REGION.

Character—The rocks seen about Hot Springs are chiefly of sedi-
mentary origin and were formed beneath the waters of a Paleozoic
sea. They occur in well-defined formations. which were folded when
the mountains of the region were formed by the compressive stresses
of earth movements, and subsequently eroded by ordinary atmos-
pheric agencies. These rocks are cut by a few narrow, insignificant
dikes of igneous rock, which are supposedly connected with the large
masses of granite and other igneous rocks now seen at Magnet Cove
and Potash Sulphur Springs. Iu addition to the rocks mentioned
there is a considerable area of dark-gray and porous travertine, or
caleareous tufa, formed by the Hot Springs.

The sedimentary rocks seen in the vicinity of the Hot Springs con-
sist of shates, sandstones. a few beds of impure limestone, and the
rock called novaculite. This last-named rock, of which the well-
known Arkansas whetstones are made, 1s the most conspicuous and
important rock in the locality. Tt is the typical rock of central
Arkansas, and. though found over a large area, the material pure
cnongh to be used for whetstones is confined to the vicinity of the
Hot Springs. It is this rock that has, by reason of its hardness and
its resistance to erosion, made the mountaius about the springs, and
it forms the cliffs and prominent ledges seen in the district. The
bedded rocks form a series, shown in the following table, in which
the youngest beds are placed at the top of the column and the oldest
strata at the bottom.

IRR 145—05 M——13
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Section ut Hot Springs, Ark.

Thick-
Geological age. n;_ess tin Character of rock.
oet.

Shales; gray or black graphitic shales with frag-
ments of plant remains, red and yellow colored
200 when altered.

Carboniferous. Sandstone, impure and clayey. with softer layers
alternating with softer material.

250 | Quartzose sandstones, passing at times into conglom-
erates and well exposed along the basal slopes of
Hot Springs Mountain.

Novaculite breccia.

-~ =
Ttow

Impure novaculite, with iron and manganese.

100 | Novaculite in thick and thin beds, with some layers
of siliceous shales.

75 | Sandstone passing into novaculite.

38 | Shale, siliceous, and passing into novaculite.
200 | Massive novaculite, from which whetstone is taken.
Lower Silurian. 230 | Shale, siliceous. with thin layers of novaculite.

|| Shales, red and green and gray, with siliceous layers.

v 200 Shales, black, and carrying fossil remains (grapto-
1] lites).

| Limestone, thinly bedded, blue, and generally argil-

laceous.

200 | Sandstones.

[Impure novaculite.

Structure—Near Hot Springs the rocks have been compressed
into great folds which now form the mountains, and this compres-
sion is so great that the folds have been overturned, and in the gorge
of Hot Springs Creek the section now exposed shows the younger
beds resting beneath the older ones. In addition to this there has
been some faulting in Indian Mountain, by which an overthrust has
pushed up the older beds over younger ones. For this reason the
section (fig. 41) is not always easily made out, but it can be
seen in the slopes of West Mountain, although, as will be noted
there, the younger beds lie below the older and the rocks have a dip
of from 25° to 70°. el

Fig. 42 shows a cross section through the low southern end of
Hot Springs Mountain and up the valley along Main street. The
rocks are well exposed along the line of this section, especially in the
quarries and cliffs where the street excavations expose the rocks form-
ing the steep, narrow mountain ridges.

The succession of beds exposed at this place has a steep dip north-
ward, the inclination varying from 25° at the south end to 45° at
the north end; all the beds are overthrown, the oldest being on top,









WEED. ] HOT SPRINGS OF SOUTHERN UNITED STATES. 197

outline, and to correspond in form and position to included patches
of caleite found in the same rock where the bed passes beneath the
creek levels. [t has been assumed that these cavities are formed
by the dissolution and removal of the caleite, and as the material
from beneath the water level 1s of slight value as a whetstone it has
been reasoned that the abrasive qualities of the Arkansas stone are
due to the presence of these calcite cavities. The origin of the rock
has been the subject of. considerable speculation “from the earliest
times to the present. It has been commonly asserted that it is a
very fine-grained sandstone, which has been indurated and altered
by hot-spring action. This explanation is not adequate, however,
since the same beds are exposed on the flanks of the Ouachita Moun-
tain system for a total length of several hundred miles. Moreover,
the character of the grains does not permit the assumption that they
were originally rounded and that the spaces between have been filled
by secondary deposition of silica, as is commonly the case with many
quartzites. The writer’s belief is that the evidence supports the
opinion that the rocks were formed as a chemical precipitate in the
deep seas of a Silurian ocean, and that comparatively little altera-
tion bevond induration has taken place. Such a theory seems to
accord very well with the chemical and physical nature of the rock
and with the facts now known in regard to the origin of some of the
carly geologic sediments. .

Igneous rocks.—DBesides the sedimentary rocks just noted, there are
four narrow dikes of igneous rock about one-half mile south of the
mountain borders and near the city limits. These rocks are dark-ecol-
ored mica traps, a form of rock called ** ouchatite.” They are chiefly
interesting because they show that there was some decep-seated body of
molten material from which the dike fissures were supplied. Small
dikes are found north of the city, east of the city, and in considerable
abundance about Potash Sulphur Springs and at Magnet Cove.
These dikes have a generally east-southeast-west-northwest direction,
showing that the fissures are parallel to the mountain sides. Theyv
are from 1 to 4 feet wide and are generally much altered, so that the
outcrop 1s inconspicuous or is covered by vegetation. When the rock
15 broken black mica in small flakes is the only mineral seen.

Fossils.—The age of the sedimentary rocks is determined by the
fossil remains found in them. The black shales which underlie the
novaculites contain remains of a curious hydrozoa. These fossil re-
mains are known as graptolites, and the forms identified at Hot
Springs belong to the upper part of the lower Silurian age (Trenton
and Utica). New types of these fossils peculiar to Hot Springs are
illustrated in the novaculite report issued by the Arkansas Geological
Survey. DBesides these curious forms, a few shell remains (brachio-
pods and lamellibranchs), corals, and worm trails have been found.
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The graptolites occur on the north side of the hill on a small stream
drainage on the west side of the continuation of Park avenue. They
are also seen in a very black shale forming the bluff on the west side
of Park avenue above Hotel Hay and below the Barnes House.
Similar fossils also occur on Whitington avenue, one-fourth of a mile
above the head of Central avenue, at a point where the street crosses
the creek.

Plant remains of lower Carboniferous age have been found in the
shales exposed in the excavation for a cellar on the western side of
Malvern avenue, 100 feet north of the Park Hotel. The shales arc
varicolored, brown, red, gray, and black, but the fossils occur in the
olive-colored sandy shales. Similar fossils were also found in Oua-
chita avenue at Hot Springs.

WATERS OF THE HOT SPRINGS.

OCCURRENCE,

The hot waters issue from the base and lower portion of the slopes
cast of the valley. This area is a narrow strip, a few hundred feet
wide and one-fourth mile long. In its general aspect this area is dis-
tinguished from the rest of the mountain by its patches of barren gray
tufa, the old hot-spring deposit, and the absence of forest growth.
I'rom the descriptions given by earlier writers it is evident that this
difference in appearance and vegetation was formerly very marked.
To-day the springs are all covered, and mostly concealed beneath
turf and shrubbery. The old tufa deposit is in large part covered
by soil and plants. The creek is arched over and sidewalks and
roadways are built on it. The space between creek and hillside is
covered by the bathing establishments, which, in many instances, are
built directly over large springs. The landscape gardener has modi-
fied the old slopes, filled up the gullies, and built roads and foot-
paths until the hot-spring area is a beautiful park and a ﬁttmrr setting
for the springs.

It 1s difficult for the average visitor of to-day to form an idea of
the natural appearance of the springs. The larger springs formerly
issued abruptly from the tufa slopes and did not possess the bowls
and basins seen at the Mammoth Hot Springs of the Yellowstone.
An artificial cutting made into the mound of the Cave Spring shows
a section of the hot-spring deposit, and if the door be opened the
waters will be seen flowing into the basin cut to collect them, and
depositing creamy alabaster-like tufa and the brilliant emerald-
green tufa whose color is due to the growth of hot-water algw.
Many of the smaller springs are mere oozes, with no well-defined
channel. A considerable number of these are gathered into one
reservoir at the base of the tufa bluff between the Arlington Hotel
and the Superior bath house. Another spring is seen near the Hale
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bath house, where it issues from a cavity in the tufa and flows into
a basin. There is constant flow from the tufa wall back of this
masonry platform, forming the dripping spring, where thousands of
visitors daily drink hot water direct from the rock. At this place
also the green algous growth may be seen.

TUFA DEPOSITS OF THE HOT SPRINGS WATERS.

As already noted, the hot-spring area is characterized by a deposit
of calcareous tufa, or travertine, formed by the hot waters, and cov-
ering not only a large part of the mountain slope about the existing
hot springs, but also extending westward to the Happy Hollow ravine
and occurring above the band stand, far above any existing springs
in the slope. Tufa deposits are common about both hot- and cold-
water springs whose waters carry carbonate of lime in solution.
This material is precipitated when the carbon dioxide of the waters
escapes upon exposure of the water to the atmosphere. At the Ar-
kansas hot springs a very small amount of carbonate of lime is held
in the waters, yet it is sufficient to coat the hot-water pipes and to fill
wooden troughs used to conduct the waters. In Cave Spring and at
Dripping Spring the tufa may be seen now forming. It is therefore
not certain that the waters which formed the great tufa deposits of
the place were any richer in lime carbonates than those of to-day.
This tufa is seen In its natural state at many places about the springs,
but is particularly well seen at Cave Spring, back of the Arlington
Hotel. Tt is of a gray color and porous texture on the surface, but
when quarried is pure white, compact, and crystalline.

This tufa consists almost wholly of carbonate of lime, carrying
very small and varying amounts of manganese (oxide) and iron
oxide. The manganese is frequently prominent as a black powder,
or occurs in blackish layers through the rock. The analysis made for
Owen in 1859 of the material deposited in the pipe accords so exactly
with that of the deposit now forming that it is reproduced:

Analysis of hot-spring tufa formed in pipes carrying hot water to bath houses.

Per cent.

Carbonate of lime _____._______ _________ . 92. 620
Sulphate of lime____________________ . 085
Carbonate of magnesia____ . ___________________ .- 3. 060
Carbonate of iron____ . 210
Carbonate of manganese__. _____ o . 190
Potassa . 107
Silea o 119
Total __ 99. 391

In Cave Spring the freshly deposited tufa is tinted orange by the
algee that live in hot water, and green by the species that flourish at
slightly lower temperatures. These colors are purely vegetable and
disappear if the deposit be heated.
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This tufa deposit covers an area of approximately 20 acres, and
varies from a few inches to 6 or 8 feet in thickness. Tts occurrence
shows that some of the springs formerly flowed to the west and that
the waters covered a larger area than at present.

The broad area covered by the tufa does not mean that the hot
waters covered this entire area at any one time, for the algous
growth described as filling the hot-water streams causes a filling up
of the channel and a diversion of the water to a different place. In
two instances the waters built up mounds about the springs. The
most noticeable of these is that of Cave Spring, which has been arti-
ficially breached in the development of a larger water supply from
the spring. Above the music pavilion another area of tufa indi-
cates the former presence of springs at a level higher than any now
existing.

The thickness of the tufa deposit 1s likely to be overestimated, as
it covers steep slopes and even forms cliff faces. The ecarliest de-
scription of the place tells of its forming overhanging masses along-
side the creek, whose flood waters swept away its support. The
natural exposures of conglomerate and sandstone outcropping near
the pavilion show that the tufa is there underlain by hard rock.
Farther west, however, the tufa overlies soft, shaly rocks, which have
been digested by the hot waters and vapors for so long a time that the
material is as soft as ashes. In the development of new water sup-
plies near Spring No. 1 a pipe was driven 38 feet down into this
material. Immediately beneath the tufa there is a breccia of novacu-
lite sandstone or shale fragments cemented by iron oxide. manganese
oxide, and carbonate of lime. This is seen under the tufa at Cave
Spring and at Dripping Spring. It merely represents the old hill-
side débris cemented by the hot-water deposit and material deposited
Jater beneath the tufa mantle.

The owners of the Hale bath house have cut a short tunnel into the
tufa back of their establishment, and the natural heat of the ground
is used for a vapor bath. There is no doubt that the ground back of
Bath House Row is permeated by a network of fissures and is heated
by hot-water vapors.

The tufa area is described by all earlier writers as being distin-
guished from the adjacent slope by its peculiar vegetation. In the
improvement of the reservation this distinction has been largely
obliterated, as flowers and shrubs have been freely planted. The tufa
cliffs and rougher exposures show, however, the limestone-loving ferns
Cheilanthes slabamensis Kunze and .Adéantum capillus-venevis L.,
which occur nowhere else in this region. Owen mentions these ferns
especially, besides numerous peculiar mosses and algwe, stonecrop,
sage, lobelia, and senna as characteristic of the tufa area,
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GEOLOGIC RELATIONS OF THE HOT SPRINGS WATERS.

In the geologic sketeh already given the rocks from which the hot
waters 1ssue are described as sandstones and shales of lower Silurian
age. occurring m sharply compressed folds. The hot waters issue
from the sandstones seen well exposed back of the superintendent’s
office and near the music pavilion and from the overlving shales in
the area west of the pavilion. These rocks form part of a steeply dip-
ping anticline plunging beneath the surface toward the southwest.
It may be compared to the partly buried prow of an upturned boat.
The rocks arch around the mountain slopes. the different beds being
revealed very much as the scales of an onion bulb are exposed when 1t
1s partly cut into. While the rocks are flexed into this great curve,
the great and thick beds of hard sandstone and conglomerate were
cracked while being flexed. and little slips and breaks were produced.
The smaller eracks form a network of fractures. which in some places
are seen to be filled with white quartz. The principal springs are ar-
ranged along a line running about north-northeast, or parallel to the
axis of the fold forming Hot Springs Mountain. This line is believed
to be a fissure corresponding to a fracture of the northwest fold—a
fault fissure. Springs are common along such fractures in the novac-
ulite region of Arkansas, and there is no reason to believe there is
anything unusual in this one. The source of heat is discussed else-

where.
COMPOSITION OF THE HEOT SPRINGS WATERS.

Analyses—The hot springs yield waters of remarkable purity.
This, in fact, is the reason ascribed by some physictans for the efficacy
of the water as a remedial agent. The very complete analyses given
in this report show a very small amount of mineral matter. The
purity of the natural waters of the region is well known. The water
of Happy Hollow Spring has less mineral matter than any other of
the waters known, except that of Poland Spring, of Maine. These
waters rise through siliceous rocks, and the fact that the hot waters
contain so little mineral matter, particularly silica, is evidence of
their meteoric origin, and accords with the.nature of the gases given
off by the springs.

A direct comparison of the analyses with those made in earlier
years is not convenient, since the analyses are given in parts per mil-
lion, while those of the Arkansas Geological Survey are in grains per
gallon. I have recalculated the analvses of the larger springs, how-
ever, and find them nearly identical with the later ones, showing
conclusively that the nature of the waters is not changing with time.

The accompanying table gives a recapitulation of the analyses
made by Mr. J. K. Haywood, of the Department of Agriculture:



HYDROLOGY OF EASTERN UNITED STATES, 1905. [No. 145,

202

SLLLE8s 1207
1895°8% ' 880"
8988 48G90
wzrew | g0’
Q0CEELE | 0"
£006°082 | 690°
0730162 | £10°
ORITBLE | TT0°
98P 628 | L90”
0BLL°LLE | 1607
0609 F1% | 830"
9108 °F8E | 030"
0088 | 8p0°
@99 188 | £40°
8630041 | G20
060°618 | 9607
9209°T1E  TE0°
EBCP6LE @907
9Th 682 | 990°
1096982 | 9L
€99G°LLG | 620"
8986618 | ¥80°
9687118 | €80°
1829°628 | «0°
0187318 | 090°
2617085 | 50870
oy |

aod syred, THN
1ei0L |

i

"908L], i
908, |
908, |
‘908, ,
QORI
@08,
QOBLY,
‘Q0RL],
80uL],
o0RL],
oorL],
P0RL],
908V,
0eL],

,
P0uL],
aoBL],

|
*BOBL, |

ODRL], i
Q0RL], |
90BL], ,
PORL],
00BLL
P0BL],
‘0B,
90RL],
P0BVLL,

Rigs

08
&Ly
8L'¥
g
9%
69°G
(Vi 4
8G°F
6L°F
grg
9v
9Ly
86°%
8%

89°¢
81°¢

8V
9
ji 4
P 4
0s'¥
Iev
Cidad
(S5 4
9y
(397

N

LT
69°1

168°1T
99°1

09°1
89°1
08°1T
0L°T
89°L
@91
1078
@97
86°1
€T

66°% | GL'9¥ .ooﬁj 61 |90V, | 00BL],
10°¢ | g8°9% | 68" | 61" |opma "edmL],
e6F | SLUOF | 98 , & evway,|eoBay,
(R ARG SRS ,, 60" | "90BL | eamBL],
COLV | BLYY 8T g0 | eora, | eord],
¥8F LS| TT i 60" |"90uL L | 908,
€y el | T 60" |PoBI], |'00Ba],
TL°% | 8L°FF |"90BLT, | 60° | 90BL] | 'e0vld],
7 | ¥0 9% _.vo.m.ﬁﬁ 60° | 90BAT, | 90BILT,
0L°F | OF ' "e0BaL, | 60" | 00RLT |‘eORL],
18°% | 067°GY | 63" 60" |'90BLT, | "00BL],
orelgsor | e |61 |eoway|-eowvay
P | 1679 | L3 T |'90wa] | oorl],
€6y | Q9P | 21 T1° |"eovaL, |'eouL],
S1°¢ | 68°Gy |00 L | TL° | '@0uL], |'eovl]
86°F | PBEY | TT° 2T |'eded], "eoma,
V¥ | 107G | & 12" | e0RL] | eorL],
8% | 8T°9F | 11" 13 |'eoBay, | eoBa]
06°F | 88 | 00BN, | 82" |'e0uL], |90BL],
66°F | §3°Lp | Q1° op | revBa ], | edrL],
88°F | €279 | OOV | T&° | 'e0BLT, |e0ed],
8G°P | 8G9 | &8° 83 |eoBa, | ‘eoma],
89°F | 19°FF | &° g ["eveLT, |'00Rl],
88°F | 96°9P | G&° g2 |edry] | eoBI L
LLF | $9°FF | eovaL | $3° | eoea, | eoBa],
8% | 6079 | 96°0 ¥2'0 | 'eona], |eoua],
N |

AW | w0 | ul tved| T | g

I

098
088
5
€5'e
(343
88
gv'e
1972
1678
9€°¢
968
€8¢
9678
8¢

54K
e

86
038
0672
0g'¢
GLe
8¢
88 ¢
0¢'g
0§ 8

()
(q)
(q)
(a)
(@)
(q)
(@)
(q)
(@)
(q)
()
621
(@)
(a)

(@)
(q)

()
(@)
(q)
98°0
(a)
(@)
(q)
(e}
(¢)
(a)

“Od

908, | 8000 .82&., 09'09T | 38°L | 98°LF | 198G | L'OFI 208[8g
POBIL | 1000° | OUVLL  06'991 | 081 | TE'LF | 000°SEA] 8FFT | o[8H PIO
"PORAT, §000° |'O9GLL 08'89T | 18°4 | 98°9F | I'PPL |77 (W3nos) mia,
RORAT, OL00" |'OOVLL | 09°L9L | 16°L | G9F , 008'0LS) € FFL | 777" (qII0U) uIM,
OB, €00pT | "OOBLL | 0020 | £0°8 | 6L°FF | 22’1 | 87361 |" (qguos) dontadng
“OOBIL | GI0p° |OOBLL I 0G°99T | G6°L | 9°Ck | CTT | gy T wny
er 0100 | 18 03'¢el | 18°L | 0668 | LL9'C | €'GIT " (ydtou)sorredng
"POBAL | 0100° | €8T | 00°6ST | €L'8 | S8R | @sa‘el | geer | T Jejdwng
P0BIL | 9T00° | 9L | 00°Z9T | €9°01 | ¥L°FY | 000°GE0| gcer |77 " OO0
PORAL, | 05007 | 0G°69L | 8S°8 | 19°Gh |- 77T ¢'gel | "~ (q3Iou) oruesIy
PORLL | 100" | 22 08°€9T | L9°L | 88'gp [Tt KR “(g3nos) [ertodw]
@ 910 | ¥ 01°89T | ¥8°L | 6S°6% | 009°108, 0°LFL |~~~ """~ uoar St
POBRLL | €000 |"@0BLL | 087991 | G6°L | LI'GH | 0F9‘8 | Qg1 [Tt my
DR | 100" | 81" 09°991 | ce8 | LL9p |- g'¢eT |"~-" """ (uInos)
<l uwoar 3T
g1'0 | 8000° | 8L 0666 | 8L'O | 2gEg | ¥ee |26 | I0shen v
o0RIL | 31007 | 8T 0C°09T | 88°8 | ¥¥4F | PR 1 M (q3r0u)
woal o331
BOBLL | 9T00° | OORIL| 0G°09T | SL°L | GCFR | PIL'RI | §°GET |77 0awD
"ODRLL, | €I00° | 60° 0899t | 09°L | T6FP | OF8'TC| gUFFL | 103004
POBLL | 1007 | &° 09°ZLT | 88°2 | 82°9F | 000G | 8°26 | T 195410
PORAT, [ 1HO0T | €6 09691 | @°L | 6¢°FF | $1¢'STp, $°TFL | (W3I01) rBLIadWI]
BOBLL | §100° | G2 0S°601 | 0S8 | 1¢°FF | OOF‘2E | 67981 |7°°" 9SNOH Jo11og
BIVLL, | 200" | VP 06°99T | 98" | TE'F | O8G'LL  FUEPT |7 onueAy
P0BAL | §100° | PP 0$°09T | 89°8 | g'ep | 009°'¢ | 928l I ii0e)
"@OBAT, | L000°0 |90RAL | 09°99T | 9L°L | 68°FF | 886°61 | T'GFI |TTTT7C uojduray
R ANARCDLAR AR TS 0S°09T | ¥3'8 | 8F"FF | 008°0[>| 06&[ |~ ~""""~ dIuesaIy
"BOBAL |"00BLL | 88°0 | 0G°99T | €8°L | TI°GF 00882 | Pepl | T 334
‘S.Ino ¥ -
H0d | TON | TON |TOOH | F0S | TO1S |Hofus S0013 ‘s8utdg
ursorg| °d

[uoriru aed syaed uy]

p sBugLds 10y spsupyLY Jo suappm fo sosfippup pup ‘saingvladudl ‘smoy fo 2)qu ]



HOT SPRINGS OF SOUTHERN UNITED STATES. 203

WEED. ]

LLPR8
L18°16¥
69F 96

£660 °01¢
88LL 083
9660 " 268
068918
0FL8 F68
€06S 062
£166 960
1696 "283
£¥9. 088
9917 '8L3
mm S 688
8FL3
x&x I x&
06LLE
060 .Nxm
81¢¥ 08
08TL"8¢3

i

!

|

'
|

*pouIIa}Op JON ¢

"SuLIds JemeT Sopuoul
pue Euaosv Jurads woay o[331] SOpnOUT >

(€) |"090LL| 93°G e L9078
Ta0* e0BlL| £33 | 20°1 ,ﬁ 31
| 600° |"OORLL, | OT°F | 76 ,,om.ﬁ
800" OOWLL, | €68 | 38’8 | 1Y
§C0° ,@ORIL| 80°G | &L°1 | 61°¢
810" |00RIL,| 6779 | &7 \ s
800" :SE,J 00°G | 64T 7 96§
111" "9OBIL,| 86°¢ ,, €61 V1Y
0F0T EORLL| 3G 09°1 | 206
Ye0© ORI GR¢ 7 94T | 2078
€20° "OOUAL| 04°F * 89T 1 26°F
£80° 0PBIL GV | 02T | 64T
CROT TOOBITL ) F8UF L 6971 6LF
Kl Tsﬁe €OF | 891 m 08°F
€20° OOBLL | F6F | @L'L f oLy
&0 oo 6! 90T | Ly
U0 ODBLL 667 | BLL | 267
010" awoéﬁ, 60°¢ T w 08°F
190" ,"99BLL | 68°F | 9L°L ; &8P

LE0T 1TO0BLL 1 99°F | §L°T 4 @6F

Qfa ,

mwl o ,V.WU‘N.&'H,*
6371|008,
€6 | "ouoN
€6k | 200 \
6897 .Onvﬂ.ur.b
o ?.851
T | ¥ 7
G.ﬁ Lz
€66p | 800 |
@.S ||
& 9F 4 0@
9 M 3
6°CF *
“wwiar
(S i k
00 | o0uT,,
167G 7 ar
Wk | o
19°68 ; 18

81°
i
¥e-
i
6
61"

i

‘QOBLJ, | '90B.LT,
QOB | ‘OOBL],
‘0BT, | "90RL],
‘OB, | "OVBLT,
‘0BT, | "90RLT,
*QUBLT, | O0BL],
Q0BT | '90RL],
*QIBA, | "9OBLT,
*QOBLT, | ‘onBL],
*90BLJ, | ‘00uL],
R ARARGRL:ANA
.wvwa,ﬁ_ P0BLT,
AORL, | OIBL],

-00BAT,  *0BLT,
‘90BLT, ‘OOBL],
I
‘00mA, ‘ARLT,

QUBLY, ORLT,

"OOBLT,  POBL],
|

0oB., | 00uL],
]
‘0BT, '90BL], |

0¢e
00°¢
€8T
€8¢
68°¢
PARY
19°g
8¢
0%°'g
pANS
8¢
04°8
1973
0$°

042
PR
1978
|62
85°8
848

|
|

‘pejrm[ISe 9q J0U PINOY) i
(qgnos) Sutads [vrredwy sepuouyp

(@)
(q)
()
(@
(@)
(@)
(@
(@)
(@)
(@)
(a)
(q)
(q)
(@)
(@)
(@)
(@)
(q)
(q)
(q)

'
1

leer W)
[e0BLT . 1000
7 “Q0BLY, ‘9RAL
, [t S100°
TOOBAL, | 8000 °
OBIL,  9T00°
*ORILL, 0100
Jé.ﬂHN 0800 "
,.ogfrﬁ | 5000
kco‘m.ﬂ.b €100 °
RIBLT, | 000
“9ORLL | £100°
OBLL 91007
“woﬁ.nrﬁ £100°
fOBLY G100°
TOOBLL H 8000 °
Fe0vaL oz

w 08" v €000°
foéa,ﬁ 8000
0BT | 0[00°

‘polenSH 6
‘(y3rou) Sutads OTUSSIY SOPN[OUT

‘S1038BAM 073 JO AU® Ul PUNOJ 30U nq 10} Paiso) s¥m FOsV
‘(qanos) Sugads uim J, sepnjoul f “(yinos) surrds woay o3y
Junowre [[eWSq ‘Isd[eur ‘poomley M f»

| | 1 I
h

(0991 | 188 | 9T°6F “ 000 § LFRL ,:.::...c.v%.s,m
i PIGL | 62°%  90°¢L| TIE | Free | (P1oa) Aeupty
68" i:.ﬁ 08¢ | 0g 2l 7 66 PR (pIO) a9s1]
@& 08°091 | 197°8¢ | 12 €% 1 000°026 €°CI1 "7 "7 aroAtesey
¥ 06'99T | 0F 8 €9 68 000086 6961 T - wrsouBulg

PR 0189 | 96°IT, 08 &S ) 000'F , 6°811 TTTTTTTTTUTT pupg
0OTAL, | 06°£91 7 9L el 0z b | 0021 T SIMIT (M
€T 109%9T | 6 TS0F 000°¢E | ¢ @l TLavN puv Lunty
oamaT, 011l 987t I8 6F 000°0P0 9°6gl | 20 980K
9ORLL, 09691 7 BL'GL €o9F 0oL’ '@ lal T SU0L91Y
8L’ 0891 7 c w Lis ar W 0096 00Rl T oresty
5 N R < T \ LG9p 6P o0l T wpeH pH
LN ARG ] 8 5 | OBTHP008°8e &SLL T Ao MUH
WOVLL, 007 '8 | 0976k T 9081 T aewe
W 00681 a 8 7 L&°8F 00883 L GIT OION "M uyor
| 16 00°01 [ OF°LF 00&‘4 @Rl T poondeg
e 0421 % L0608 7 G0 | oeer T Uy
A (TS S ¢ R 3 | 819 ‘% |0geL Tt “sudduq
Pl 00eer 0gL | T 58 126) 96l Tt oL
a lovortlser | w 7 ¥Gal , ........... puan




204 HYDROLOGY OF EASTERN UNITED STATES, 1905,  [No. 145.

(fases—The gases given off by the hot waters were carefully col-
lected and analyzed. The results show that they consist of carbon
dioxide, oxvgen, and nitrogen. The ratio of oxyvgen and nitrogen
corresponds very closely to that of atmospheric air, and, taking inio
account-the relative absorption of the two gases by water, there can
be no doubt that the oxygen and nitrogen given off by the water
come from absorbed air.

Mineral contents—The mineral matter of the waters has come
from the rocks traversed by the waters. Recollecting the solvent
power of hot water, it is rather remarkable that the watcrs are so
pure. The underlying rocks are Silurian sediments resting on an
unknown complex, but the Sihurian rocks alone are competent to
supply all the mineral matter of the waters.

SOURCE OF HOT SPRINGS WATERS.

IFrom what has already been said in discussing the geelogie and
topographic relations of the springs, and from the composition of
the water and of the gases, there seems no doubt that the Lot =prings
eorrespond closely to the ordinary springs of the mountain region
save in the very important element of heat. .As will be shown later,
it 1s believed that the waters of a very large but entirely normal
spring or springs have been heated by vapors rising through fissures
penetrating to unknown depths.

DURATION OF THE IIOT SPRINGS.

Temperatures—The question whether the hot springs are changing
in character and will eventually either cease flowing or become cold
¢prings is of both popular and scientific interest. In 1SCt Dunbar
and Hunter recorded a temperature of 150° . for the larger spring
and 154° I¥. for another spring. In 1859 the springs were caretfully
examined by David Dale Owen, State geologist, and a map of
temperatures and elevations was published. In 1860 a more acenrate
map, together with records of temperature and outflow, was prepared
by William Glasgow, jr., from careful instrumental surveys.

Since then many changes have been made about the springs, all
of which have been dug out and inclosed in masonry arches, with
the consolidation of two or more springs into one in some instances,
the development of new ontflows by digging wells or sinking pipes,
and the drying up of adjacent natural outflows. Tor these reasons
all the springs now existing can not be positively identified with
those shown on the earlier maps, but a majority of them are so
correlated without doubt.

The comparison of the old records mentioned with those recently
made shows that the highest temperature known to-day is 147° .,
as against 154° in 1804 and 150° by Glasgow aud 148° by Owen in
1860. Tn a number of springs there 1s a dechine of 2° since the latter
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date. Such a slight difference might. however, be due to differences
in the manner or place of taking the temperatures, or the instruments
used in the earlier years mayv not have been accurate. It is note-
worthy that Owen’s highest temperature, taken in 1859 with a
standardized thermomnieter, was 148°, and that recorded now is 147°.
In other words, the temperature is decreasing so slowly that the
change is almost imperceptible in half a century. In one instance,
that of Alum Spring, there i1s a very marked decrease in temperature,
and as this is the only spring on the west side of the creek there is
no doubt of its identity. In 1804 this had a temperature of 132°.
In 1859 its temperature was 133°, according to Owen, and to-day it
1s but 114.8°.

Lmount of ontflow.—The comparison of outflow 1s more difficult.
According to Dunbar and Hunter. the largest spring had an outflow
of 11 quarts in eleven seconds in 1804, corresponding to 22,100 gallons
per day, and the four largest springs had an outflow of 165 gallons
per minute, or 237,600 gallons per day. Doctor Owen gives no meas-
urements, but Glasgow gives the discharge of each spring—a total of
317 gallons per minute. or 430480 gallons per day. as compared with
850,000 gallons per day at the present time. As the writer has shown
clsewhere, the spring water is of meteoric origin, like most spring
water. and probably varies somewhat from vear to vear, correspond-
ing to variation in annual rainfall in some previous year, so that no
definite comparison can be made with the early records, except to
state that the volume of water discharged is very much greater.
Supposing a practically constant amount of heat applied, this of
‘itself would mean a slightly lowered temperature. In this connec-
tion attention should be called to the well put down by Major Torney,
U. S, Army, in the Army and Navy Hospital, which is capable of
vielding the amazing amount of 350.000 gallons per day without
affecting but one very small spring (No. 40 of the list).

From a consideration of all these facts it is concluded that the
<prings are losing their heat so slowly that the loss is almost inappre-
ciable. '

dmount of mineral matter in solution--No essential difference in
the composition of the waters can be detected by a comparison of the
analyses made for Owen or Larkin (1859) or for Doctor Branner,
of the Arkansas Geological Survey. in 1889, with the elaborate and
careful analyses made by the National Government. The waters
are remarkable more for their purity than for their mineral contents.
The material in solution consists mainly of bicarbonate of lime,
which is so easily precipitated by the loss of carbonic-acid gas that a
deposit forms in pipes, and rather rapidly where the spring waters
drip. as in the walls about the bowl of Cave Spring. The total
mineral matter for all the springs amounts to 1,367 pounds a day.
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equivalent to 249.5 tons a year. This amount of material earried
by the hot water from the earth’s interior to the surface must leave a
very considerable cavity in the course of time.

HEAT OF THE HOT SPRINGS WATERS.

While there have been many theories advanced to account for the
source of the hot waters, the only hypothesis that stands the test of
scientific inquiry is the one which ascribes the heat of the waters to
still hot but concealed bodies of igneous rock. Tt seems scarcely nec-
essary to call attention to the absurdity of the idea that either slaking
lime in the depths of the earth or chemical reaction of the waters with
the atmosphere could be the cause of the heat. That the waters come
from a depth suflicient for their heating by the normal increment of
earth heat (1° for everv 50 feet) seems unreasonable, since it would
necessitate a depth of nearly 5,000 feet to give the waters their pres-
ent temperature, even assuming that they were not cooled in their
course upward. The composition of the gases given off by the waters
chows that they contain, atmospheric air as well as carbon dioxide.
That the heat of the waters is due to the heat developed by the fold-
ing of the rocks, which is the theory given to account for the heat at
the Virginia Hot Springs, is not probable, for the folding at Hot
Springs is not more intense than elsewhere in the mountain regions
of Arkansas, and no evidence of hot-spring action has been found at
any other localities except where igneous rocks are present.

It is believed that the heat comes from a great body of still heated
igneous rocks intruded in the earth’s crust by voleanic agencies and
underlying a large part of central Arkansas. The existence of such
a mass is shown by the great bodies of granite seen at Potash Sul-
phur Springs and Magnet Cove, where the rocks have been exposed
by the wearing down of the overlying sediments, though the igneous
rocks seen were of course long since cooled. At Magnet Cove, more-
over, there are tufa deposits which show the former occurrence of hot
springs. .

This hypothesis is strengthened by the occurrence of intrusive
dikes at various localities about the springs, and their trend and
occurrence indicate that the molten material which filled the fissures
did not come from the bodies of rock now exposed at Potash Sulphur
Springs or at Magnet Cove, but had some deep-seated source, whose
location is indicated by the dikes as being approximately under the
ot Springs. Deep-seated waters converted into vapors by contact
with this “ batholith ™ of hot rock probably ascend through fissures
toward the surface. where they probably mect cold spring waters
which are heated by the vapors. As the igneous dikes near by are
fissures reaching down to this great mass of igneous magma. which
have been filled by it to form dikes, it is not unreasonable to suppose
that fissures extend down to the now solid but still hot igneous mass,



NOTES ON CERTAIN LARGE SPRINGS OF THE OZARK REGION,
MISSOURI AND ARKANSAS.

Compiled by Myrox L. FULLER.

The following account is based on memoranda furnished by E.
Johnson, jr., who measured the flow of the springs in connection with
stream measurements in the same region, and on geologic and other
notes furnished by H. Foster Bain and E. M. Shepard. The investi-
gations and measurements of the springs were made with the view of
determining their availability as a source of water power, a question
which had become of importance because of the needs of such power
for plants contemplated in connection with the proposed construction
of an electric railway through the district. The account is presented
for the purpose of calling attention to the size, character, and impor-
tance of the springs which are typical of the Ozark region.

OZARK REGION IN MISSOURI.

GEOLOGY.

The springs which are described in the following pages are, with
the exception of Mesamer and Boiling springs, situated on the south
flank of the Ozark uplift, where a long structural slope opens the
way for an important underground circulation, fed from a central
table-land. The springs are in canyons where the streams have cut
down into the rock and intersect some aquifer or water-bearing bed.
The country rock is generally a cherty dolomite with irregular beds
of sandstone, but the particular horizons which are most favorable
aquifers have not been discriminated. The rocks are mainly lower
Ordovician, but some Cambrian rocks of simtlar lithologic character
oeeur in the vicinity.

Mesamer Spring is on the north flank of the Ozarks, well up
toward the crest, but is in a dolomite and sandstone country of approxi-
mately the same age as that of the springs on the south flank of the
mountains. Sink holes abound in the region. DBoiling Spring is
likewise on the northwest flank of the Ozarks, and is said to issue

from a dolomitic rock, probably the Gasconade limestone.
207
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GENERAL CONDITIONS.

The country as a whole is a plateau deeply cut by stream erosion,
and underground circulation is unusnally important. There are
many deep, wide vallevs which now contain no streams except in very
wet weather, all the water going underground within a very short
distance. This is so true that the value of the land for stock pur-
poses, the main use except for timber, is largely determined by the
presence or absence of springs. These are numerous, those described
being only some of the best known. Intermittent as well as steady-
flowing springs occur. One of the best known is in Shannon County,
near the junction of Jacks Fork and Current River. This spring has
a rhythmic flow with maxima approximately forty minutes apart.
The minimum flow is much less than the maximum, but the water
does not altogether cease flowing. Presumably the spring is the ont-
let of two or more underground channels, one of which has a chamber
and siphon form. .

All' of the springs show marked fluctuation of discharge with
variations in rainfall, which probably accounts for the great differ-
ence in past and present flows, such as is noted in the case of Blue and
Alley springs.

: DESCRIPTION OF SPRINGS.

Greer Spring —This spring, which 1s owned by Greer & Mainprize,
is located in sec. 36, T. 25 N., R. 4 W., 11 miles northeast of Greer
post-office and about the same distance sonth of Eleven Point River.
It is 8 miles northeast of Alton, the county seat of Oregon County,
and 16 miles due south of Winona, Shannon County. About one-
fourth its water issues from a cave lined with stalactites and stalag-
mites, situated at the head of a deep ravine cut in Ordovician rocks,
mainly cherty dolomites, with occasional rregular beds of sandstone.
The remaining three-fourths comes from a so-called » boil ™ 100 feet
distant and 7 feet lower, the source of which is invisible.  Ifrom the
spring the water flows down a rapid descent through a narrow val-
ley to Eleven Point River, 54 feet lower, furnishing power for a large
gristmill on the way.

The water is colorless, except where contaminated by sediment
washed in below its source i time of storm. It has no odor or taste
and has a temperature of 54°.  Other than the source of power men-
tioned, no use is made of its water~.

The maximum measurement of flow gave a result of 362 cubie feet
per second, while the minimum flow is not far from 225 cubic feet.
About 265 feet is a more eommon discharge.  The minimum flow is
equal to that of a stream 25 feet wide. 3 feet deep, flowing 3 fect per
second, and represents the run-off of a large area of surface.
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Van Burew or Big Spring—This 1= located 1n the valley of Cur-
rent River, 4+ miles southeast of Vanburen. the county seat of Carter
County, and has a large flow.

Fanchonw Spring.—Fanchon Spring is located on the side of the
left bluff of Current River. in =ec. 9, T. 29 N., R. 2 W., 10 miles east
of Eminence, the county seat of Shannon County. The spring is
owned by a hunting and fishing club of St. Louis, and is said to vield
sufficient water for power purposes.

dlley or Big Sprinig—Alley Spring 1s located near Alley post-
oftice, in T. 29 N.. R. 5 W., about 6 miles west of Eminence, Shannon
County. It emerges as a streamt from the base of a high dolomitic
iimestone bluft on the side of the comparatively broad valley of
Jacks Fork, a tributary of Current River, with which its waters unite
about one-half mile below the spring.

The water is odorless. tasteless. somewhat hard, and has a tem-
perature of 53°.  Its ordinary flow is 85 cubic feet per second, but is
probably not more than 75 second-feet during the summer. It fur-
nishes power for a grist and saw mill near its source. The flow of
this spring in 1875 was reported by Dr. C. P. Williams* as 588
second-feet. .

Blne or Round Spring.—This spring is located in sec. 20, T. 30 N,
R. 4+ W., about 14 miles northwest of Eminence. Tt originates in
a natural limestone well about 84 feet in diameter at the rim and
48 feet deep. On one side is a high bluff; through an opening on the
other side, 18 feet below the surface and 72 feet in length, the water
escapes and flows into Clurrent River. a quarter of a mile distant.

The water is odorless and tasteless and of a deep-blue tinge. The
temperature is 54°.  As given by Dr. C. P. Williams the flow i
1875 was 425 cubic feet per second, but when measured in 1904 by
Mr. E. Johuson, jr.. was only 23 second-feet. It has in the past
furnished power to at least two mills, but no use is now made of it.

Mesamer Spring—This spring. which 1s owned by the James
estate, Is located in sec. 17, T. 37 N., R. 6 W.. 7 miles in a southerly
direction from St. James. The spring issues as a subterranean
stream from the base of a bluff in a gorge in the Gasconade lime-
stone. The water 1= of a bluish tinge, without odor or taste. but
fairly hard, and carries some sediment after heavy rains. Its tem-
perature is 56°.  The flow is affected by rainfall. According to the
reports of the Tenth Census it then had a flow of 100 to 150 cubic
feet per second. while on August 18, 1900, it had, according to H. B.
Shaw, a flow of 125 second-feet. The minimnm flow determined in
1904 by Mr. E. Johnson. jr.. of the United States Geological Survey,

« Industrial Rept. tieol. Survey Missouri, 1877, p. 160.
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was 86 second-feet. It has been utilized as a water power in the
past and has been considered as a source of water supply for the
city of St. Louis in connection with Water Fork of Meramec River,
into which it flows at a point about one-half mile from its source
and 12 feet lower down. The maximum combined flow of the two
streams has been found by Mr. Johnson to be 150 second-feet.
Boiling Spring.—Boiling Spring is located in T. 36 N., R. 10 W_,
6 miles in a southerly direction from Arlington post-office. Tt issues
from the bed and bank of Gasconade River, near the base of a high
dolomitic limestone bluff. TIts water is of a bluish tinge, without
odor or taste, but rather hard. It is not especially muddy even after
rains. The temperature is 60° and the flow about 150 second-feet,
but no use is now made of the water either for power or other

* purposes.

OZARK REGION IN ARKANSAS.

DESCRIPTION OF MAMMOTH SPRING.

Mammoth Spring. which is owned by Napoleon Hill and the heirs
of J. W. Cochran, i3 located near the line between secs. 5 and 8, T. 21
N., R. 5 W., about one-eighth mile in a northerly direction from Mam-
moth Spring post-office. Tt issues as a subterranean stream near the
base of a high cherty limestone bluff (* Third Magnesian limestone
of Swallow). The course of the underground river feeding the
spring is thought to be marked in Howell County, 8 miles northwest,
by a sink hole three-fourths mile long known as the * Grand Gulf.”
The spring itself is G4 feet deep at its mouth. the water apparently
issuing from a large cavernous opening and from other large crevices
in the rock.

The water is described as having a bluish tinge, but as being odor-
less and tasteless, and having a temperature of 58° or 59° in summer.
The amount of water is somewhat atfected by prolonged droughts,
the water level varyving 3 or 4 inches. The water is hard, having
about 158 parts per million of lime and 139 parts of magnesia. Car-
bonic acid to the amount of 204 parts per million is reported.

The flow has been reported to be as high as 350 second-feet, but in
1904 it was as low as 150 cubic feet per second. This is, however,
probably about its minimum volume. A large hotel has been con-
structed and a park laid out at the springs. The water is now used
for power by a flour and cotton mill and further developments are
contemplated.
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Subject series: O, Underground waters, 46.

Containg contributions by various members of the survey.

“Hydrologic work in eastern United States and publications on ground
waters’’ : p. 9-29.
1. Water-supply—U. S.

U. S. Geological survey.

. . . Contributions to the hydrology of eastern United
States, 1905, Myron L. Fuller, geologist in charge.
Washington, Gov’t print. off., 19o5.

220,1iip. illus.,, VIpl. (incl. maps) diagrs. 23 (Its Water-supply and
irrigation paper no. 145)

Subject series: O, Underground waters, 46.

Contains contributions by various members of the survey.

“Hydrologic work in eastern United States and publications on ground
waters’”: p. 9-29.

1. Water-supply—U. 8.

U.S. Geological survey.
Water-supply and irrigation papers.

no. 145. Contributions to the hydrology of eastern
United States, 1905. 1905.

U. S. Dept. of the Interior.
see also

U.S. Geological survey.
m



